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Indicating and 


—_ 


Recording Instruments for 


a Wide Range of Industrial 


Process Control ...... / 


TAG High Sensitivity (On-Off) 


Today, thousands of TAG Recording and Controlling 
Recorder-Controller 


Instruments are in effective service in the synthetic 
rubber, chemical catalytic cracking, aeroplane en- 
gine testing, ordnance, and food fields. Now, when 
uninterrupted production is vital—where needless 
reruns would set back the war effort— you particu- 
larly need the well demonstrated control efficiency 
that TAG provides. 

The TAG High Sensitivity (On-Off) Recorder- 
Controller is a popular instrument because it is simple 
in construction and does its work well on most in- 
dustrial applications where process time lag is small 
and the heat capacity is large. 

The TAG Fall Range Throttling Recorder-Control- 
ler is ideally suited to processes where load changes 
are small and of short duration. In addition to the 
control unit, this instrument utilizes a full range throt- 
tling flapper mechanism and is recommended for 
use on applications of considerable process lag, or 
of small heat capacities. 

The TAG Full Range Throttling Recorder-Control- 
ler with Automatic reset is designed for difficult con- 
trol.applications where large load changes that ex- 
tend over a long period are encountered. This design 

lowers the control sensitivity and prevents 

over-controlling or hunting. And, because 

of this reset feature, the Controller will 
not shift from the set point. 


Catalog No.1200-I will give you 
complete information. 
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TAG Full-Range Throttling Recorder-Cont 
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NEW OSCILLATOR 





100 To 500 Mc 


THIS NEW oscillator, designed for use as a gen- 
eral-purpose laboratory instrument, uses the new 
Butterfly Circuit which obviates the difficulty of 
sliding contacts in any part of the circuit and 
provides a source of ultra-high-frequency power 
sufficient for most laboratory measurement needs. 


Some of its features are: 
@ Dial calibrated directly in megacycles with an accuracy 
of 1 per cent. 


@ Vernier dial with 100 divisions, covering the turning 
range in 10 turns. 


@ Output through a coaxial jack to which is attached a 
pick-up loop to provide variable coupling to the oscillator. 


® Output of one-half watt with the power supply furnished. 


@ Output up to one watt at the highest frequency with a 
450-volt power supply, provided certain precautions are 
taken in the operation of the oscillator. 


® The Type 857-P1 Power Supply furnishes a plate voltage 
of 350 volts and filament supply of 2.5 volts for the W. E. 
Type 316-A tube used in the oscillator. 


@ Electron-ray tube incorporated in the power supply to 
show oscillator grid current. 


Type 857-A Oscillator with Type 857-Pi Power Supply $250.00 


We are in limited production now for high priority war orders; 
reservation orders for later deliveries are being accepted. 


A complete description appears in the G-R Experimenter for No- 
vember, 1944. If you do not have a copy, write for Bulletin 932. 


Cambridge 39, Massachusetts 
NEW YORK CHICAGO LOS ANGELES 
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Whether you heat treat steel dies, anneal, harden or 
temper metal products—make die castings, bake enamel 
or do galvanizing—if you work with temperature, your 
materials, your furnaces, your time and money are staked 
on—Accurate Temperature Control. 


Where temperatures fluctuate, quality of product is 
bound to suffer—spoilage increases and costs go up. 


That is why War Plants in the metal working industries 
are turning to Brown Indicating Control Pyrometers for 
efficient control of furnaces and ovens, etc.—electric, oil 
or gas fired. 


The Brown Indicating Control Pyrometer maintains its 
accuracy where unusual shocks, vibrations and other ad- 
verse conditions are encountered. 


In the control circuits of this pyrometer there are no 
open contacts. Con-Tac-Tor Mercury Switches make and 
break -all circuits and eliminate the use of relays for 
most applications. 


To insure low cost furnace operation, minimize rejects, 
and hold uniform quality—install Brown Indicating 
Control Pyrometer. Standard scale temperature ranges 
carried in stock make possible prompt shipment. 


Write for catalog. THE BROWN INSTRUMENT 
COMPANY, a division of Minneapolis-Honeywell Regu- 
lator Co., 4482 Wayne Avenue, Philadelphia 44, Pa. 
Offices in all principal cities. 119 Peter Street, Toronto, 
Canada; Wadsworth Road, Perivale, Middlesex, Eng- 
land; Nybrokajen 7, Stockholm, Sweden. 





D2 300 


CONSTRUCTIONAL FEATURES 


1. 
2. 
3. 
4. 


Zero Adjusting Screw 

Safety Control Table 

Control Index 

Knob for Control Setting 

Duralumin Pointer 

Compensating Index for Zero Setting 
Enclosed Synchronous Motor Non-Oiling 
Enclosed Motor Terminals 

Enclosed Mercury Switch Terminals 
Galvanometer System 

Operating Control Table 

Mirror 

Mercury Switch Selector Levers 
Operating Cam 

Control Mercury Switches 


Thermocouple Terminals with Short 
Circuiting Plate 


BROWN PYROMETER CONTROLLERS 
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REMOTE ingle vt CONTROL 


R RADI 


of variable sequence operations becomes an “everyday” procedure 
with W&T Torsional Relays. 


Of particular interest to the engineer are a few design characteristics: RANGE — 
10 to 20 cycles per second. SENSITIVITY — Less than 3.0 seconds from impression 
of a 5 volt 0.0012 ampere current pulse of constant amplitude and at the resonant 
frequency to which the relay is adjusted. SELECTIVITY — Resonant frequency plus 
or minus 2.5% under above conditions for response. STABILITY — Excellent over 
a wide range of ambient temperature and pressure. CONTACT CAPACITY — In 
controlled circuit, 50 milliamperes. 


Write for Technical Publication 252 


WALLACE & TIERNAN 


PRODUCTS, INC. 


BELLEVILLE 9 NEW JERSEY — | 
3 | 
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PRECISION 
INSTRUMENTS 


INDUSTRIAL THERMOSTATS 
THERMOMETERS 

LABORATORY HYGROMETERS 
THERMOMETERS HYDROMETERS 
RECORDING 

THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES, ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller Instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining tem- 
peratures within a fractional part of a degree. 


Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with "Moeller Glass Red Reading Column" 
afford optimum ease in reading. 

Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of “Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: Straight 
Stem (see illustration above}, Angle Form Types, Handle-Top 
Thermometers for use in food processing, galvanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells — machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
Metal and 


round cases available. 
Phenolite cases. 





Write for catalog 


MOELLER= SINCE 1867 —— 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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COVER: Measuring aluminum ingot temperature at McC 
(Ill.) plant of Aluminum Company of America (see story 
on page 148). 


EDITORIALS: The new national society—. 143 
By Earle Rieger, R. C. Darnell and M. F. Behar 


APPLICATIONS OF ELECTRONICS...... peices, Lae 
to industrial process instrumentation 


By H. D. Middel 


ELECTRIC GAGING METHODS Shideitencbchamoiis 150 
Piezoelectric types 
By H. C. Roberts 


ADJUSTING AUTOMATIC CONTROLLERS... 151 
of the “proportional” class: simple procedures. 


By E. D. Haigler 


ORIFICES FOR EXISTING PIPE LINES. 4 
Simplified computation of required diameter 
By D. M. Yoder 

A.G.A.-A.S.M.E. ORIFICE COEFFICIENTS... 154 


Discussion by R. E. Sprenkle of Oct. 1944 article 
and Authors’ Closure by T. F. Falls and G. B. Bailey 


Aviation Instruments Department 


AUTOMATIC TEMPERATURE CONTROL... WWW 159 
of engine, by cooling-flap positioning 
By R. A. Gund 
New Instruments Department... 186 


Indicators, recorders, meters, controllers, inspection 
devices, etc., for plant, field, aircraft and laboratory 
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DUE TO ACCURATE TEMPERATURE INDICATORS 
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a L MONT Type 208B 
OSCILLOGRAPH 


§ Out of the rigorous trials of military service there 
emerges a better Type 208 DuMont Oscillograph. 


Listed herewith are some of the major design changes 
and refinements effected during the past two years and cur- 
rently incorporated in the Type 208B. In every instance the 
change or refinement has been incorporated in order to*im- 
prove electrical or mechanical performance. 


Thus an already popular oscillograph which has found 
the widest usage in peace times becomes a better, more 
rugged, and more dependable instrument under the trying 
conditions of field service. 


} Write for literature 


© ALLEN B. DUMONT LABORATORIES. INC. 


|| | aoe 


ALLEN B. DUMONT LABORATORIES, INC , 
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ROTAMETER FLOW RATIO CONTROLLER 


automatically proportions two flows with high accuracy! 


If you have a ratio flow control problem where you wish to 
keep one flow at a fixed percentage of a second variable flow, 
the new Rotamatic Ratio Flow Controller will do the job 
automatically for you. Furthermore the ratio may be varied 
at will by a turn of the flow ratio button. The device for 
doing this remarkable job of proportional control is so 
simple and so positive that what was once a difficult 
control problem has become easy and also reasonable in 
price. 

In the flow chart shown above, the ratio index button 
has been set for proportioning at 1:2. Notice how accurately 
this proportion has been maintained, in spite of rapid flow 
fluctuations and variations over the full flow range of the 
rotameters. 

The Ratio Controller operates as follows: Two rotameters 
with electric transmission for remote reading are placed in 
the respective flow streams. The remote flow-responsive 
balance beams from these two rotameters are placed back 


to back and connected by a cross beam, as shown in the 
above sketch. From this cross beam is suspended an arm 
whose position may be changed at will by sliding it on the 
beam. This suspension arm is connected to a Rotamatic 
air-operated control mechanism which in turn transmits air 
pressure to an air-operated valve in the flow line of the 
stream which is to be maintained at a fixed percentage of 
the main flow. It can be seen that the position of the arm 
suspended on the cross beam determines the control point 
or in other words, the flow ratio of one stream to the other. 
Liquid flows from 1GPM up to 6,000 GPM may be pro- 
portioned, and gas flows in equivalent volumes. 

The full and interesting details in regard to the new 
Rotamatie Ratio Controller are told in our bulletin 50-A 
which we will send to you without any obligation. Owing to 
the paper shortage, please make your request upon your 
Company letterhead. Write to FISCHER & PORTER 
COMPANY, 2303 County Line Road, Hatboro, Pa. 





FISCHER & PORTER COMPANY 
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CHANGE FROM 
"ONE SERVICE TO 
ANOTHER .... 
‘WITHOUT CHANGING 
METERING TUBE | 


PANIC Dre a i area CL Sel POOL Ahk Chi all AAR hb ih MRA MMC Aik tale atria 


One important advantage 
of the Series 100 Reta- 
meter is the interchangeable | 

scales that make it possible to 

use the same Rotameter when 

it is desired te change from 

ene service te another. New and 

accurate scales can be furnished 

quickly and inexpensively with- 

out loss of time and expense in 








men 






ZERO LINE 
°On silts aciae Write for New returning meters for recalibra- 
IS ETCHED IN TUBE Publication No. 4135 tien or new tubes and floats. 








TS 
\e oo COCHRANE CORPORATION - 7th & Allegheny Ave. PHILADELPHIA 52, PA. 
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aU Sy Sa ace RC I oe rn eee a UINAMETERS, TEMPERA- 


oO) THE COCHRANE LINE OF FLOW MEASURING INSTRUMENTS INCLUDES, BESIDES ROTAMETERS: ELECTRIC FLOW METERS, f) 
b __TURE AND PRESSURE RECORDERS, STATIONARY U-TUBE METERS, WEIR METERS 
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f MILLIAMPERES 
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WESTON 





fer detlinultons hroun or 


Today, our electrical equipment encircles the globe; some serving at 
Greenland’s ice cap or in Kiska’s fogs .. . others stewing in the swamps 
of a Pacific atoll. 

With the destinations of war-products totally unknown, manufac- 
turers logically have preferred “building-in” WESTONS on their con- 
trol panels. They know that a WESTON will perform dependably 
anywhere ... that there is sound reason behind WESTONS acceptance 
as the international standard. 

And tomorrow, with equipment reaching known markets, instrument 
preferences will remain unchanged. For while human life no longer will 
be at stake, reputations will. So manufacturers will continue to “build- 
in” the instruments which consistently tell-the-truth ...to build broader 
market acceptance and customer good-will, and assure highest 
efficiency from the machines which bear their name. 


Weston 





@ Laboratory Standards 

@ Precision DC and AC Portables 

@ Instrument Transformers — 

@ Sensitive Relays 

@ DC, AC, and Thermo Switchboard 
and Panel Instruments 

@ Specialized Test Equipment 

@ Light Measurement 
and Control Devices 

@ Exposure Meters 

@ Aircratt Instruments 

@ Electric Tachometers 

@ Dial Thermometers 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
591 FRELINGHUYSEN AVENUE, NEWARK 5S, NEW JERSEY 





FOR OVER 55 YEARS LEADERS IN ELECTRICAL MEASURING EQUIPMENT 
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Princo Laboratory Instruments 


The complete line of PRINCO 
instruments for laboratory test- 
ing and control, including in- 
struments specifically designed 
for chemical, petroleum, sugar, 
alcohol and ‘‘spirits,"’ and other 
industrial control and testing. 
Comprehensive data on Society 
Specification and Special Test 
Thermometers, Test Wells, vari- 
ous Armored Thermometers, Hy- 
drometers, etc., are contained 
in Bulletin C. 


Gauges, Barometers, 
Manometers, Gravitometers 
Here is your complete reference 
to PRINCO Manometers and as- 
sociated instruments for special- 
ized applications in a wide 
variety of fields. Marine and 
Ballistic instruments; Absolute 
Pressure Gauges; Vacuum, Draft 
and Mercury Gauges; Altitude 
Standards, etc., are described 
and illustrated in PRINCO Bul- 

letin D. 


Princo Industrial Thermometers 


Power plants, chemical and 
process industries, refrigeration, 
air conditioning, food, mills, 
warehouses, paint and varnish 
manufacture, pipe lines, pumps, 
stills and boilers— PRINCO in- 
struments serve these and count- 
less other varied and exacting 
industrial applications. Com- 


plete data in Bulletin E. 


Princo Meteorological and 
Agricultural instruments 
In Bulletin H, you will find the 
highly accurate instruments de- 
signed by PRINCO fo the exact- 
ing standards of this science. 
Included are Rain and Snow 
Gauges, Soil Thermometers, Hy- 
grometers, Hygroscopes, Psy- 
chrometers, Barometers, Orchard 
and Orchard Alarm Thermome- 
ters and Thermostats. 





ERE, in easy to use form, are facts about the 
complete line of PRINCO Mercurial Ther- 
mometers and related instruments. | 
Write today for a copy of any one or all of those 
described above — or for convenience check those 
which you desire and send this page to us with 


your name attached. 


TEMPERATURE MEASUREMENT UP TO 1275°! 
Easy ... Accurate... Low Cost 


PRINCO research makes possible accurate, reli- 
able temperature measurement up to 1275° F. 
with PRINCO mercurial thermometers that are 
simple to use, low in initial cost, free from 
electrical connections and able to withstand 
normal handling. 

PRINCO high temperature glass-and-mercury 
thermometers incorporate special "‘'Combustion’’ 
glass tubing, blown by an original technique 
that eliminates fluctuation of internal pressure 


by providing an expansion chamber above the é R E < 


mercury column, The unique PRINCO pressure- pe we 
THERMOMETER & INS’ 


control filling machine seals the gas atmosphere 

within the tube, and successfully raises the boil- da 

ing point of the mercury to the required level. 
There is a complete line of PRINCO High 

Temperature Thermometers for beat treating 

furnaces, Diesel engine exhausts, tin and type- 

metal pots, galvanizing baths, bigh temperature 

superheated steam lines, etc. Write for com- ' 

plete data for your specific bigh temperature M 

applications, Mk ea ee SSS 


INDUSTRY 











1437 Brandywine Street, Philadelphia 30, Pe. 
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For work in which the inspection of internal sur- 
faces is a factor, Polan Borescopes give detailed, 
minute inspection. 

Requiring no special operator training, Polan 
Borescopes are practical in usage. Designed for 
inspection of gun bores, bored engine shafts, cylin- 
ders, etc., with absence of eye fatigue. Efficient 
inspection of bore diameters ranging from 20mm 
to 9 inches; lengths up to 30 feet. 


See ee ee ee Ne 


Write today for your copy of Borescope Bulletin No. 506. 


Blan « 


4. 
HUNTINGTON 19 WEST VA. 
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KNOW-HOW BEGINS AT HOME 


SPECIAL tools, ingenious manufacturing devices, 
and elaborate test equipment which makes delicate 
measurements almost as easy as telling the time... 
these things seem to interest our visitors particularly. 
We are always proud to point out that most of these 
aids to swift, precise production were developed by 
our own men and women. 


There’s a world of skill and experience at Con- 





CATHODE RAY SCREEN TESTER 


Tests a telephone or radio headset for response 
over the entire range of audible sound in a matter 
of seconds, and charts the results on a television- 
type screen. Developed for our own use by our 
own people, this instrument has been a priceless 
aid in maintaining high quality and quantity in war 
production for the U. S. Signal Corps and AirCorps. 











necticut Telephone & Electric Division . . born of 
nearly fifty years of practice and progress. This know- 
how isn’t confined to our engineering departments, 
either. Some of our most useful suggestions come 
straight from the production lines. 

Purchasers of C. T. & E. products benefit from 
this skill and ingenuity ... in better, more advanced 


devices, produced faster, for less. 




















CONNECTICUT TELEPHONE & ELECTRIC DIVISION 
GREAT AMERICAN INDUSTRIES, INC. « MERIDEN, CONN. 


TELEPHONIC SYSTEMS @ SIGNALLING EQUIPMENT ¢ ELECTRONIC DEVICES e ELECTRICAL EQUIPMENT 
HOSPITAL AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS @ IGNITION SYSTEMS 
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JEWELED 
GALVANOMETER 


MECHANICAL RELAY 


AUXILIARY MOTOR 


CALIBRATED CAM 
FRICTION-FREE TRANSMITTER 





In the Cochrane Flow Meter, the Null or Zero Balance principle 
is employed, balancing the unknown quantity by adjusting a 
known quantity of the same kind. A highly sensitive detector is 
used to determine the point of balance. A friction-free transmitter 
serves as a pilot for an external motor drive. The motor restores 
the bridge to balance and operates recording pen, indicating pointer, 
and integrator. The measuring circuit is relieved of all work. 


NO HYSTERESIS...NO FRICTION LAG 
What is Hysteresis ? 


1. Let's say you 
actually weigh 
180 pounds.When 
you step on the 
platform spring 
scales in the drug 
store, the pointer 
goes up fast until 
it approaches 180. 
The movement be- 
comes slower and 
slower, the pointer 


— finally stops at!79. 











2. Now‘you try it 
again but this time 4 
another man sleps “au . 
on the scales with 
you, your com- 
bined weight reg- 
istering 300. 

3. Then your 
friend steps off 
and the pointer - 
comes down from 
300 and gives your 
weight now as /8/. 


& The discrepancy 
‘sy results from ap- 
proaching the bal- 
ance point from 
opposite direc- 

tions witha deflec- 
iM i system. 
Exact balance is 
never attained. 
“Hysteresis” is 
the word for it. 






COCHRANE FLOW METERS 











Accuracy| 
Quickly Checked 


In less than five minutes, a 
Cochrane Flow Meter, from 
mercury level clear through to 
the pen record can be verified 
as to accuracy. The check is 


DRE 


made at 20 per cent of meter 
capacity after the meter 
has been checked at zero by 
means of the simple zero ad- 





justing screw in the receiver. 





As shown above, when the calibrat- 
ing rod of the transmitter is raised, 
the mercury surface is lowered, thus 
causing the float to assume a posi- 
tion corresponding exactly to a 
20 per cent rate of flow. Compare 
this easy method with the clumsy, 
inconvenient water column method. 


COCHRANE CORPORATION 
3120 N.17th St., Philadelphia 32, Pa. 
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SPEEDING SPIRITS FOR 
WAR USE 
WITH TELECHRON MOTORS 

















When war called for 
greatly increased supplies of in- 
dustrial alcohol, installation of 
this control panel helped a mid- 
western .distillery to step up its 
production of high-proof spirits. 
These control instruments made 


possible the quick conversion of 
a low-proof distillate tower to 
production of 190-proof alcohol. 


Each of the recording and con- 
trolling instruments is driven by 
a synchronous, self-starting 
Telechron motor. They record 
and control the feed to the 
tower, the steam used in distilla- 
tion, temperature of the cooling 
water, and the vacuum in the 
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tower. Their smooth, constant 
speed keeps the distillation 
process at peak efficiency — 
around the clock. 

Telechron motors are avail- 
able in sizes from 12 to 250 








Your country needs your 
dollars NOW, Buy Wor 
Bonds—and HOLD them! 


volts for all commercial fre- 
quencies — and from 1 to 1800 
rpm. Accurate, dependable and 
flexible, they are used in all 
kinds of industrial operations. 
Their applications include: 


TIMING CYCLING MEASURING 
CONTROLLING OPERATIONS GAGING 
METERING SIGNALING REGULATION 
RECORDING FIXED PROCESS COMMUNICATIONS 
SWITCHING CONTROLLING 


Our more than 25 years’ experience in making synchronous, self- 
starting motors for instrumentation is available to you for the 
asking. Just write Motor Advisory Service, Dept. A. 


Telechron 


REG.U.S 


WARREN TELECHRON COMPANY 


PAT. OFF. 


e ASHLAND, MASSACHUSETTS 


MAKERS OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS ELECTRIC mMOTOrS 
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TRADE-MARK 


ee ~ 
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Rule of thumb was the old “‘by guess 
and by gosh’’ method of measurement 
and calculation. Today we get more 
trustworthy answers with precision in- 
struments. And thumbs are now really 
on the job, sliding the moving parts and 
twirling the dials of instruments made 
of VINYLITE plastic rigid sheets. Aerial 
navigators, artillerymen, and engineers 
depend on them for the quick solution 
of vital problems. 

Drafting, measuring, and computing 
instruments made of VINYLITE plastic 
rigid sheets remain dimensionally stable 
within a wide temperature range and 
under all atmospheric conditions. In ad- 
dition, these sheets are highly resistant 
to most chemicals and to oxidation. 
With light weight they combine great 
tensile and impact strength—and abra- 
sion resistance that assures a long useful 


_FOR THE RULE OF THUMB 


life. They’re available in several stand- 
ard thicknesses—in a broad choice of 
colors, transparent, translucent, and 
opaque. Importantly, too, VINYLITE 
plastic rigid sheets can be machined and 
formed into complicated three-dimen- 
sional shapes on your standard metal- 
working equipment. And they readily 
take and hold close-register, multi-color 
printing. 

Booklet VK-35 gives full information 
about VINYLITE plastic rigid sheets— 
shows the way to product improvement 
and production economies. A copy is 
yours upon request. 


BAKELITE CORPORATION 
Unit of 
Union Carbide and Carbon Corporation 


WCC 
30 East 42np Sr., New York 17, N. Y. 


Plastics 
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At the Willow Run Bomber Plant of the Ford Motor 
Company, the Brush Surface Analyzer determines the 


smoothness of oleo strut pistons. 


CHART NO. 3-25 
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Special Motor Application eee Improves Machine Performance . .. Meets Mechanical Specifications 


Although standard off-the-shelf motors can often formance requirements of sucl 

be used in a product, experience proves that when tools, instruments, business 

the electric motor ts specially designed for a specific craft. And although today, military requirements 
application, the machine operates more efficiently get. first call on all of Itzer-Cabot’s motor 
and economically with less maintenance. sroduction, our motor development engin 


For over 50 years Holtzer- are available 


= sa he ‘ 
for consultati 


Cabot has concentrated its fa- > fractional H.P. motor re 
cilities in the design and appli- There is no obligation, of « 
cation of special motors, such 


as those illustrated above, to / : 
4 
meet specific design and per | = 
Divis f First t _or¢ tio 
cy 


/ 


Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 


125 AMORY STREET, BOSTON 19, MASS. e NEW YORK, N. Y. e CHICAGO, ILL. © PHILADELPHIA, PA. 





CONTROL VARYING LINE VOLTAGES 


TO 115 VOLTS + 


Ordinary A.C. line voltages as taken from supply 
mains often vary as much as from 95 to 130 
volts. This impairs the precision operation of 
electrical equipment. 


A Raytheon Voltage Stabilizer, built into new 
products or incorporated into equipment al- 
ready in use, overcomes the disadvantage of 
fluctuating voltages by providing an accu- 


( 


rately controlled source of power to +! 0°, 


~ Here's what a Raytheon Stabilizer does— 
stobilizes varying input voltage from 95 to 130 
volts to 115 volts +! 2°) within 2 cycles. 


Raytheon Voltage Stabilizers are entirely auto- 
matic. They require no adjustments or repeated 
maintenance. No moving parts assure long life. 
Write for bulletin DL 48-537. 


EFFECT OF VARIABLE FREQUENCY 


Since partial resonance is a requisite design 
feature, these devices are sensitive to fre- 
quency changes. The output voltage will vary 
in the same direction and 1.4 times the per- 
centage change in frequency, over a range of 
5° of the normal frequency. 


Stabilization, however, will be within + 14% at 


the output voltage which is established by the 
frequency. 








TYPE VR 2 
INPUT VS OUTPUT VOLTAGE 
FOR VARIOUS FREQUENCIES 





~ 6 ee am eee ah 
MPUT VOLTAGE 


———— 





b for time and station 


The coveted Army-Navy “E,”’ for 
RA t ad Excellence in the manujsacture of 

i wor equipment and tubes, flies 

MANUFACTURING COMPANY over al! four Raytheon Plants 

Electrica! Equipment Division where over 16,000 men and wom- 


190 WILLOW STREET, WALTHAM, MASS. en are producing for VICTORY. 


Devoted to research and manufacture of complete electronic equipment ; receiving, transmitting and hearing aid tuhes; transformers; and voltage stabilizers. 














Ws 


... In Kenyon’s High Altitude Chamber, Relief 
Valves—-a delicate and vital part for American 
warplanes-—are subjected to cold tests as severe 
as 65 below. 


... But Kenyon is far more than a testing labora- 


tory——it is an organization of skilled workmen 


and engineers who design, create, test and produce 
precision parts to meet a specific manufacturing 
need even if such a part has never been made before. 
... Your part may require an even more exacting 


test than do aviation Relief Valves. 


... But no matter if your engineering problem is 
large or small, simple or complex, Kenyon offers 
you complete precision engineering service —from 
the basic design to the completed product — 


whether in war or in the years ahead 


aaa cer. 


INSTRUMENT CO., INC. 
HUNTINGTON, L. I, N. Y. 


CUSTOM DESIGNERS OF PRECISION PARTS FOR AMERICAN INDUSTRY 
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IT BETTER 


Magnetic Material 
Improvements 


Metallurgical research is constantly expand- 
ing the productivity of permanent magnets, 
through the discovery of new magnetic mat: 
rials and alloys. The permanent magnet of 
today is capable of three times the output of 
magnetic energy of that of 1939, and nine 
times that of 1917. 


The proper utilization of materials in per- 
manent magnets produces a specified ability 
to maintain the required magnetic field after 
the magnet has been magnetized—often de- 
spite severe external demagnetizing forces 

The development of permanent magnet 
materials of higher coercive force opens uy 
many new applications of larger scope. Our 
research is facilitating these applications by 
employing an experience of more than a third 
of a century in the exclusive manufacture o! 
permanent magnets. Our engineers are avail- 

able for consultation to help solve your prob- 
lems in the use of permanent magnets. Writ 
for specific information; ask for free copy o! 
pamphlet “Permanent Magnets Have Four 
Major Jobs.” 


THE INDIANA STEEL’ | 
PRODUCTS COMPANY 


6 NORTH MICHIGAN AVENUE +. CHICAGO 2, ILLIN< 


%AStarwasAdded \ in January, 1945 


Specialists in Perm ent Magnets Since 19/0 


COPYRIONT 1945, THE b , STEEL PRODUCTS COMPANY 
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lf your application requires a specially designed relay 

Guardian engineers can be of great help to you. But, as 
a result of their wide experience in designing “specials” they 
have evolved a standard design so flexible that it is now speci- 
fied in numerous applicctions that would ordinarily require a 
specially designed unit. Perhaps you can use it in your “special” 
application... with a saving in money and delivery time. This 
unusually flexible relay is the SERIES 345. Its chief features are 
the large coil winding area, numerous contact combinations, the 
non-binding pin type armature hinge pin, its resistance to shock 
and vibration, and an ability to operate in extremes of temper- 
ature. It is now being used in aircraft, radio, and other exact- 


VARIATIONS OF THI 


V/INDING—Multi-wound coils are avail- 
able for operation on two or more circuits. 
Or coil may be wound to operate on the 
discharge of a 3 mfd. condenser. 


CONTACTS—Normal switch capacity is 
three pole, double throw; maximum switch 
capacity may be up to six pole double 
throw with 12/2 amp. contacts, or any vari- 
ation of contact combinations within this range, 
including the operation of contacts in sequence. 
The flexibility of the contact springs may be 
increased through the use cf coil spring rivets. 


TIME DELAY—On D.C. coils a time delay of 
0.25 seconds on release or 0.06 second on 
attract may be achieved through the use of 
copper slugs which require these. time intervals 
for saturation or de-energizing depending on 
whether they are used on the heel or head of 
the coil. 


DUST COVER—For applications where this relay may be 
subject to injury or in atmosphere where dust may be present 
in sufficient quantity to impede operation, the SERIES 345 may 
be equipped with a metal dustproof cover. 


SCREW TERMINALS — Screw type terminals are optional 


for applications where ‘terminals must be disconnected occa- 


TIME DELAY 


GUARDIAN 


1638-C W. WALNUT STREET 


meets special applications 


saves time .. . saves tooling . .. speeds delivery! 








A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR 


RELAY 4 


ing applications to insure dependable performance. 
STANDARD SERIES 345—The ample coil winding area of 
the SERIES 345 gives you a wide range of windings for various 
voltages and currents. Coil winding area is approximately .75 
cubic inches. Average power required is 3.56 watts with three 
pole, double throw contacts of 12/2 amp. capacity. Coils are 
available for either A.C. or D.C. operation. 

The maximum switch capacity of the Standard Series 345 is 
three pole, double throw. Contacts are rated at 12% amperes 
at 110 volts, 60 cycles, non-inductive A.C. Moving contacts are 
attached to but insulated from the armature by a bakelite 
plate. Terminals are solder lugs. Weight is 62 ounces. 


RIES 345 RELAY 


sionally or where solder lug terminals are 
not otherwise practical. 


INTERLOCKING —The SERIES 345 may 
be used in combination with various coils to 
achieve a mechanical interlock. One of the 
most recent developments is the use of the 
SERIES 345 in an overload application. Ex- 
cessive current energizes the SERIES 345 
coil. The armature is then mechanically locked 
in the energized position by an arm attached 
to a Series 405 coil and is held in the locked 
position until the Series 405 coil is energized 
by a push-button arrangement. If current 
through the Series 345 is still excessive, relay 
remains in locked position even though re- 
leased by push-button control. 


SERIES 345 RELAY DATA 


























Normal Minimum Normal Minimum Coil Normal 
Volts Volts M.A. M.A. Resist. Wattage 

6 4.8 600 480 10 3.56 

i 9.8 300 245 40 3.56 

24 18 148 iw 162 3.56 

32 25.6 112 89 287 3 56 

115 92 3] 25 3/20 | 3,56 

Nanisthim Operdiing Wales. 4656 6 e6SiSedoseccccaccese aa 


ELECTRIC 


CHICAGO 12, ILLINOIS 


INDUSTRY 
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BIGGEST ADVANCE EVER MADE 
in Applying Roll Pressure! 








SCHEMATIC DIAGRAM OF A FOXBORO PNEUMATIC LOADING SYSTEM 


FOXBORO LOAD RECORDER,CHARTS THE 
LOAD AT EACH END OF ROLL 


AIR SWITCH, FOR LOADING(UP OR DOWN) 
UNLOAQGING AND LIFTING (AS ORDERED) 


M / AYRORON REGULATORS,FOR ADJUSTING 
LOAD AT EACH END OF ROLL 


/ 





SIMILAR AIR CONNECTIONS 


PRESSURE DOWN 
TO OTHER CYLINDER SES3u 











PRESSURE UP AIR CYLINDER 
A SIMILAR CYLINDER (5 


AT OPPOSITE END OF ROLL 














Foxboro Pneumatic Loading gives 
calibrated, “cushioned” pressure 
with fingertip control 


A turn of two knobs... that’s all there is to loading any roll 
equipped with Foxboro Pneumatic Loading! 


Pressures are maintained automatically and precisely. The 
smooth, cushioned action of the air cylinders compensates for 
variations in material thickness and for any out-of-roundness of 
the rolls. This action also snubs bouncing — often permits higher 
roll speed. The special air switch gives instant unloading and 
reloading; if desired, it also provides reverse pressure for lifting 
the roll out of contact. Roll ends are usually loaded independently 
to permit compensation for machine conditions, but the cylinders 
may be manifolded to work together. 


Fo. many press-roll operations, Foxboro Pneumatic Loading 
offers. various radical improvements, such as greater overall ex- 
traction and closer control of final moisture content, thorough 
saturation and uniform removal of excess liquid. Corresponding 
gains in quality and uniformity are often achieved in finishing 
processes, as well. 

Phone or write the nearest Foxboro Office for a copy of detailed 
Bulletin B306. If desired, a Foxboro engineer will gladly call to 
discuss how this unique loading can improve your roll operations. 
The Foxboro Company, 46 Neponset Ave., Foxboro, Mass., U. S. A. 
Branches in principal cities. 








Schematic drawing (left) shows 
operating principle of Foxboro 
Pneumatic Loading. Below is com- 
plete control panel with Pressure 
Recorder, Dual Air Switch and 
pressure-adjusting Airdron Regu- 
lators. 





Foxboro Pneumatic Loading has 
brought new efficiency to paper 
mill operations. 





Le . Bes # oF 
Also widely used today on textile 


operations such as slashing and 
dye-padding. 


FOXBORO PNEUMATIC LOADING 


REG. U.S. PAT. OFF. 
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LET’S ALI 
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Automatic checking of small parts to assure that they are within 
allowable tolerances is accomplished by this ‘‘Gage-O-Matic’’ pre- 
cision gaging machine through the use of Micro Switch products. 

Built by the General Control Company for the use of Hamilton 
Standard Propellers, the ““Gage-O-Matic’’ permits high speed 
checking of seven accurate dimensions at the rate of 86 pieces per 
minute. 

This is accomplished by pairs of plastic enclosed switches 
which monitor each gaging operation. They are actuated by mi- 
rometer heads mounted on a sliding bar. If the part being 
ested is in tolerance, ove switch is actuated . . . if under tolerance, 
th are actuated . . . if over tolerance, neither is actuated. 

If the part is over or under tolerance, it drops through a tube 
to the proper rejection drawer, automatically segregating re- 
ted parts for their particular defect. 


1,001 Jobs For Micro Switch Products 


ensitive reaction of the tiny basic swi 





tch to slight operating 


rce makes it a natural component for 1,001 jobs in industry as 
e electrical control for gages and instruments. Among their 
portant uses are: on automatic weighing machines position 
licators, float alarms, temperature controls, counting mecha 
sms and many other electrical and electronic devices 
Designers of electrically controlled instruments and gages 
Id be thoroughly familiar with the many advantages of the 
ndable, compact Micro Switch designed snap-action switch 
e today for Handbook log Ne 60. which gives com- 
ete tails on electrical characteris ousings and actuators. 
LET’S ALL BACK THE ATTACK } BUY EXTRA WAR BONDS 
BD 5G 


AO 


MAR 


MSSWITCH 


A DIVISION OF FIRST INDUSTRIAL CORPORATION 


x 


MICR 


TRADE 





Freeport, Illinois, U.S. A., Sales Offices in Principal Cities 

















































SOLENOID | 





MICROMETER 


Ss 
S ADJUSTMENT 
S 

SWITCH 


GAGING 
PLUNGER 


ANVIL 


The small parts are fed through 
a chute by a rotating hopper. As 
the part slides down the chute, if 
is stopped at different intervals 
by solenoid controlled levers. The 
part is positioned between the 
gaging plunger and anvil, then 
the solenoid on the gaging head 
is released. The spring drives the 
gaging plunger 
and in contact with the part. 

The 
pulled up by the solenoid and the 
part, 


to move to the next stage 


assembly down 


gaging assembly is then - 


if acceptable, is permitted 








This is the basic switch—a thumb- 
size, feather-light, plastic enclosed, 








precision, snap-action switch, Un- 
derwriters’ listed and rated at 
1200 V. A., at 125 to 460 volts 
a-c. Capacity on d-c depends on 
load characteristics. Accurate re- 
producibility of performance is 
maintained over millions of operations. Basic switches of 
different characteristics are combined with various actuators 
and metal housings to meet a wide range of requirements. 
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CLAMP-MOUNTING ELECTROLYTICS CARDBOARD-CASE ELECTROLYTICS equipn 

@ PRICE with inbuilt Aerovox Quality — that's the prime @ PRICE with inbuilt Aerovox Quality —that's the prime pensiv 

objective of the ingenious Type PRV one-hole-mounting objective of this popular Type PBS rectangular cardboard- compl. 

paper-cased electrolytic. * Wax sealed. Impregnated card case dry electrolytic. * Sections housed in sturdy card- ating 

: board containers. Patented Aerovox Adjustimount or 
board-tube container. Suitable for commercial and other swivel metal flange permits mounting flatwise or on nar- unstab 
applications where extreme operating conditions are not row side according to space limitations. Also, PBS units Am: 
encountered and metal-can types are not essential. * Note may be stacked and held together by overlapping metal ’ ~ 

ingenious clamp and center-screw mounting means. This flange and soldering securely. * Normally with etched y sum 

type can take the place of various other vertical-mounting foil. Plain foil also available. High-purity aluminum ele- Voltag 

electrolytics such as twist-prong, spade-lug, screw-base, ments throughout. Made in single and multiple sections. equipn 
etc. * Normally with etched foil. Also available in plain mente etn — rr yey imager board 
section. * 450 and 600 v. D.C.W. 4 to 16 mfd.; 8-8, 8-16 and - : 

foil. High-purity aluminum elements throughout. Positive 8-8-8 mid. Dimensions: L, 2-7/16 to 3-3/16": W. 3/4 to : The 

and negative lead for each section. 450 and 600 v. D.C.W. 1-1/2"; H, 1/2 to 1-7/16". A good general-purpose electro- Voltage 
4 to 40 mfd.; 8-8 to 20-20 mfd. 1-3/8" dia.; 3 to 4-3/4” high. lytic for normal service. 4 6 


AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 


SALES OFFICES IN ALL PRINCIPAL CITIES 





Con 


Transfor 





Export: 13 E. 40 St., New Yorx 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HAMILTON, Ont. 


Oil Burne 
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Every sales manager of electrical 
equipment knows the number of ex- 


pensive service calls, the number of 


complaints of sub-standard perform- 
ance that can be traced directly to 
unstable line voltages. 

A majority of them can be avoided 
by simply specifying ‘““SoLa Constant 
Voltage Transformers” while the 
equipment is still on the drafting 
board. 

The inclusion of SoLA Constant 
Voltage Transformers in the basic 


or A ° * 


STANT VOLTAGE TRANSFORMER, 
built into our equipment, will eliminate a 
majority of our most critical field problems 





design can generally be accomplished 
at an actual saving in cost. Their use 
frequently eliminates the need for 
other component parts whose only 
function is to provide superfluous 
manual control over the equipment. 


Sota Constant Voltage Transform- 
ers require no supervision. They have 
no moving parts or delicate networks 
to get out of order. They react in- 
stantly and automatically to line 
voltage disturbances, correct fluc- 


tuations as great as 30°. to the safe 


costal pir Plrormer 


Transformers for: Constant Voltage * Cold Cathode Lighting * Mercury Lamps * Series Lighting + Fluorescent Lighting + X-Ray Equipment + Luminous Tube Signs 
Oil Burner Ignition * Radio » Power * Controls + Signal Systems * Door Bells and Chimes « etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, Ill. 


RRR ORD a0 TR NR Eile 298 St GI EES 





operating limits called for on the label. 
They protect both themselves and 
the equipment against short circuit. 





To Manufacturers: 


Built-in voltage control guaran | 


tees the t oltage calle veh joron your 
label. Consult our engineers on ' 
details of design specifications. 


Ask for Bulletin GCV-102 
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--.in a variety of types 
to meet every need 


Tnere’s an Ohmite Rheostat to 
assure the best unit for each 
control need ... from the 1000 
watt, 12” diameter, Model “U”’ 
to the 25 watt, 1%.” diameter, 
Model “‘H’”’. Made in single or 
tandem units, with uniform 

or tapered windings, in stock 
or special resistance values. And 
large or small—each Ohmite 
Rheostat is designed to give 
smooth, close control—long life 
—and trouble-free service. In 
Resistance Control, Ohmite 
Experience Makes a Difference. 


Write on company letterhead 
for Catalog and 
Engineering Manual No. 40. 


OHMITE MANUFACTURING CO. 
4886 Flournoy St., Chicago 44 














LHEOSTATS + RESISTORS * TAP SWITCHES 
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AUTOMATIC CONTROL 
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CONTROL VALVES 


Flow type valve is available only in 


angle type construction. Designed primarily 
for extremely erosive, corrosive and high 


or low pressure differential applications. 


1. Optimum in Streamline Flow Characteristics. 


2. Valve Body Construction—Standard Forged Tee, Cast 


Tee, or Barstock Design. 


3. Venturi-type Throat Permits High Capacity Due to Re- 


duced Friction Factor. 


4. Hammel-Dahl Standard Duri-steel Heavy Gauge Super- 


structure. 


5. Body and Trims of Standard Materials or Special Alloys 


as Specified or Recommended. 


6. Each Application Individually Designed and Engineered. 






































ENGINEERED DESIGN BY essere 


VENTURI-FLOW DIAPHRAGM 


The Hammel-Dahl 03-000 Series Venturi- 


The Type 3000Q line of control valves is d 
offered for split or by-pass process applica- 

tions. Flexibility of operation is obtained 
where double fluid proportional operation is 
required. Characterized or quick-opening 
plugs available for proportional flow. 


Los Angeles - 














the 





























THREE-WAY DIAPHRAGM 
CONTROL VALVES 


. Top and Bottom Guided Precision Ground Beveled Seat 


Plugs. 


. Through-bolted Connections on All Body Members in 


Flanged Construction. 


. Lower Seat Ring Located in Piloted Third Member. 
. Main Body—A.S.A. Standard Flanged Globe Valve Di- 


mensions (Face to Face). 


. Standard Duri-steel Superstructure. 
. Sizes 1/2” to 2” Screwed, All Other Sizes Flanged. 


. Bodies in Cast Iron, Bronze and Cast Steel—tTrim of 


Bronze and Stainless Steel. 


HAMMEL-DAHL CO. 
243 Richmond Street Providence 3, R. I. 


San Francisco * Portland, Oregon + Wilmington, Del. 
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For Low Power Voltage Control... these NE\ 


AUTOMATI 
REGULATOR 


by SECO 


RACK OR CABINET MODELS — 
NO WAVE-FORM DISTORTION — 
LOW COST PER KVA — 
COMPACT — LIGHT WEIGHT 


— 





In the past, SECO Automatic Voltage Regulators have found wide 
use in maintaining constant voltage to equipment of 6 KVA capacity and 
greater. The introduction of SVR 4101 and SVR 4102 provides the SECO 
type of electronic voltage control for 1 and 2 KVA applications. 


These new models possess many notable improvements to sup- 
plement the remarkable characteristics of larger SECO regulators. In 
addition to such features as zero wave-form distortion, high efficiency 
and adjustable output voltage, the SVR 4101 and SVR 4102 are compact 
and light weight. As illustrated, these models are available in self- 


contained cabinets and in rack units for installation as a component 





part of existing equipment. 


SPECIFICATIONS 


' Nominal Output 
* Type Input Voltage < ne V fs ined Phase Output Output Over -all 
. Range Voltage Beare Current KVA Dimensions 
SVR 4101 95-135 115 100-120 1 10 I 9%” x 10” x 195% 
SVR 4102 95-135 115 100-120 I 20 2 91_"x 10" x 21Y, 
SVR 4106 95-135 115 100-120 1 52 6 914" x 10” x 26% 


When the regulator is used for mounting in customer’s rack, add the letter ““R” to the type number. For table or w:z 
mounting add the letter ‘“H 


Detailed information is gladly given by SECO engineers upon request. 


Send for Bulletins 149 SI and 163 SI 


SUPERIOR ELECTRIC COMPANY 


422 LAUREL STREET BRISTOL, CONNECTICUT 
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It will take you to a Sure Cure 
for Production Ills 





Precision is 
winning the war— 


Let it win the peace 


for YOU! 


A complete 

inspection labora- 

tory on wheels 
for 


ONLY 


$18 50° ae ) a | = THE MOBILE UNIT INCLUDES: 


a set of 83 inspection grade gage blocks, |2) a four-range 





electric comparator, (3) optical flats, (4) Monolite, (5) master 
flat, (6) master square, (7) parallels, (8) pointed accessories, 
€ %) gage block holders to make gage combinations, (}0) pre- 


cision surface plate, (11) a complete set of instructions on the use 
of every instrument, (12) set of 3 straight edges, each with 4 
blades, (13) 5-inch sine bar, (14) magnifying light, and (15) a 
vernier gage block. 
“ y 
_.-HHUTY Conta 


Write for new 
QUALITY CONTROL BOOK 





CONTINENTAL MACHINES, INC. 
1368 S. Washington Ave. ° Minneapolis 4, Minn. 


‘ we : 
ONAL N ALR EF AG 
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A LIFETIME of SPLIT-HAIR ACCURACY 


is Standard Equipmen: 
with Every -hp-Instrumen 











Model 200-1] is a new inter- 
polation oscillator which 
embodies many new fea- 
tures. New, rugged con- 
struction, new circuit and 
a new accurate dial. Ask 
about it. 


“Guess-testing”’ belongs to the era of crystal sets and silent pictures... 
Radio and electronics of today and tomorrow demand the use of precision 
testing and measuring instruments. Hewlett-Packard engineers antici- 
pated this demand. There is a standard -Ap- instrument available for 
making every important test and measurement with insured accuracy in the 
audio frequency field. 

A few of these instruments are illustrated below... complete technical 
information will be sent on request. For special applications, a note or 
sketch outlining your problem will receive prompt attention. 





ee ee 
RESISTANCE-TUNED AUDIO AUDIO SIGNAL GENERATORS VACUUM TUBE VOLTMETERS DISTORTION ANALYZERS 
OSCILLATORS Three models—205-A, 205-AG, 205-AH Make accurate voltage measurements Three models available —320-A, 320-! 
Require no zero setting...several models —provide frequency ranges from 20 cps from 1 cycle to 1 megacycle, cover nine and 325-B—to provide frequency cove 
available to cover frequency ranges from ‘© 100 kc ranges, (.03 volts to 300 volts) with full age trom 30 cps to 15 kc. Model 325 
2 cps to 200 kc , j j scale sensitivity incorporates a vacuum tube volrmer 
a 4 





CAO wit, ttt ae ti tile 


Mss WLS x 








ed 

ELECTRONIC FREQUENCY METER HARMONIC WAVE ANALYZER FREQUENCY STANDARDS ATTENUATOR AND VOLTAGE 

The Model 500-A is designed to mea- Measures individual components of a The Model 100-B supplies standard fre- DIVIDERS 

sure the frequency of an alternating complex wave over a frequency range of quencies of 100, 1,000, 10,000 and 100,- The Model 350-A consists of a 10 d 
voltage from 10 cps to 50 kc. Overall 30 to 16,000 cps. The selectivity can be 000 cps, all of which are available simul- and a 100 db bridged-T artenuaror, pri 
accuracy is + 2% of full scale value. varied continuously, making the ana- taneously viding a total of 110 db attenuatior 
lyzer adaptable to a wide variety of mea- variable in 1 db steps. Orher atrenuator 

surements. and voltage dividers can be quick 

supplied 
BOX 990C, STATION A PALO ALTO, CALIFORNIA wieennaiiay oatmeal. 


560 KING STREET WEST 
TORONTO 2, CANADA 


990 
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Freedom to plan for peace 


Precision optics for war keep us busy — very busy. 


Difficult assignments from the Army, Navy and war 
contract manufacturers keep coming in. But we still find 
time to think and plan for the days when our improved 
skills and techniques will be applied toward the bet- 


terment of peace-time products. 


With our record for meeting the exacting demands of 
war goes also the obligation to do our share in helping 
industry reconvert speedily for a prosperous peace. We 


will be ready when restrictions are removed. 


Manufacturers who bring their post-war optical prob- 
lems to us, find a cooperative attitude and a rich back- 
ground of experience that are a great aid to sound 
product planning. Our compact group of precision lens 
technicians have been trained in a plant that special- 
izes in supplying optical components to those who make 


complete products. Nothing else is made here. 


We have done much development work in electronic 
optics and in other optical fields. Possibly you have 


a problem for which we already have a solution. 


for precision OPTICS come to 
AMERICAN LENS COMPANY, INC. 


45 Lispenard Street, New York 13, N. Y. 
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Light through ‘an earlobe works an electric meter! 


Any light source can be made to operate 
mieters and meter relays without costly, 
bulky amplifiers. Luxtron* photocells, 
developed and manufactured by Bradley 
Laboratories, do this today for many 
purposes...such as looking at a patient's 
earlobe and instantaneously telling you 
the oxygen content of his blood ... ata 
warehouse and warning of fire... or 
at a furnace to gauge its temperature. 

New chapters in the story of the sim- 


plest way to transform light into electric 


“TRADE MARK REG. U.S. PAT. OFF. 


energy are daily written by Bradley's 
Luxtron photocells. For information on 
how they can help you, write Bradley 


Laboratories. 
Copper Oxide Rectifier Advances 


i 
U { 


manufacture of a unique line of “Coprox” 


Bradley applies 
knowledge of elec- 





trical circuits to the 


development and 


rectifiers. Write for illustrated bulletin giv- 


ing ratings and special advantages. 










PHOTOCELLS— MASTERS OF LIGHT): 








BRADLEY =e 





BRADLEY LABORATORIES, INC., 
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82 MEADOW STREET, NEW HAVEN 10, CONNECTICUT 
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Housed in this block-long Sherron Electronics 
e LABORATORY building is a busy laboratory in which many 
valuable discoveries have come to light. Here 
~ DESIGN has been developed the widely used Sherron 
Test Units that are serving many of America’s 
foremost electronics manufacturers in maintaining 


e DEVELOPMENT the quality control so vital fo the integrity of 
their products. Here, working full time, day and 


night, a corps of electronics engineers are blazing 
’ MANUFACTURING new trails. Here a hard-working staff of techni- 
cians and scientists are evolving new applications 
of the amazingly versatile tool that is electronics. 


Sherron 





Electronics 
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ALDEN 


for Graphic Recording of any kind 


OUR YEARS OF EXPERIENCE, and cumulative skills, in the De- 
signing and production of RADIO COMPONENTS, are now being 
used in making equipment which covers the entire field of 
FACSIMILE. 


Actual service, as found in war and communication work under all 
conditions, has given a PRACTICAL quality to our equipment which, 
under ordinary conditions, would not have been obtained in years of 
engineering with limited application. 


ALDEN PRODUCTS COMPANY is manufacturing practically ALL 
TYPES AND SIZES of facsimile and impulse recording equipment— 
using all the varied recording mediums: Photographic Paper, Film, 
Electrolytic Paper, Teledeltos, and Ink. 


ALFAX IMPULSE RECORDING PAPER 


& 
By “COVERING THE ENTIRE FIELD,’ we mean... 


a —_ a oe 


Some of our equipment has been used for the transmitting and 
| 1 @ receiving of photographic pictures of reasonably high resolution 
(such as the war pictures now appearing in the news). 


Continuous Recorders——of the type whose value has been proven 

2e on National and International news service circuits—are now on 
their way to the Orient, to be used for the receiving of the so- 
called “‘picture’’ languages. 


Also, through the use of ALFAX (the first high-speed black and 
3e white permanent recording paper), HIGH-SPEED Signal Analysis 
Equipment has been made possible for various laboratories anda 
Government Departments. Other equipments have employed 
Teledeltos Paper for message work and other purposes. 


The ability of ALFAX Paper and ALDEN Machines to record im- 
de pulses as they occur, without the inertia problems of many previ- 
ous methods, has made possible other recorders at various speeds 
(including slow). They will record a whole day’s history of related 
phenomena, with time Indicated, and often—with self-calibrated 

| linear reference marks for ready interpretation. 


ALDEN tape Recorders (recording medium, ink)——have been de- 
5e signed to operate with a minimum of trouble and adjustments, 
and have PROVED MOST SATISFACTORY In day-to-day service. 








ALDEN PRODUCTS COMPANY 
117 North Main Street 
BROCKTON (64C), MASSACHUSETTS 
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FIVE OF THE 
,312 RELAY TYPES 









VACUUM SWITCH 
KEYING RELAY 


The extreme reliability with which 












this Struthers-Dunn Type 78CCAIOO 
Vacuum Tube Keying Relay holds 
its adjustments is the direct result of 
a rigid and simplified design utiliz- 
ing an absolute minimum of parts. 


7 poles including one D.T. 
pole handling high-voltage 
r-f currents by means of a 
vacuum switch. High-volt- 
age ports rounded fo re- 


duce corona. 







Exceptionally sturdy —designed for 
aircraft. All parts readily accessible. 






SHOCKPROOF 
%— to 90 6's 


Se 





Here's a relay that 
won't operate unintentionally as a result of 
shock or vibration—the Struthers-Dunn Type 
17AXX designed to meet exacting B2A 


=. EXTRA HEAVY-DUTY 


specifications. Small in size, light in weight, 
it meets and exceeds all specifications for 
such services. 


<i, CONTACTS 





Struthers-Dunn Nutc 
61HXX100 meets ¢t 





relays for extreme services, 
where severe OV 


erloads m 
on units having 4 less gen 


. ble 
ay cause trou 
erous heavy-duty 
al applications 








WRITE-—for your copy of 
the big Struthers-Dunn Relay 
Catalog and Data Book... 


contact safety factor. Typic 


i uc 
include those $s ] 
controls, or controlling © 
noids simultaneously. 


different specifications. 


STRUTHERS-DUNN, INC., 1321 ARCH ST., PHILA. 7, PA. 


. ft landing light 
h as ee ae of sole- 
dily adaptable to 








cei TTR, 





ees 


STRUTHERS-DUNN 


9,312 RELAY TYPES 


DISTRICT ENGINEERING OFFICES: ATLANTA * BALTIMORE « BOSTON ¢ BUFFALO « CHICAGO e CINCINNATI ¢ CLEVELAND 
DALLAS ¢ DENVER ¢ DETROIT « HARTFORD © INDIANAPOLIS «© LOS ANGELES e MINNEAPOLIS « MONTREAL 
NEW YORK © PITTSBURGH + ST. LOUIS * SAN FRANCISCO © SEATTLE « SYRACUSE * TORONTO « WASHINGTON 
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That skinny chap at the left could do with some 
setting up exercises. An extended course at 
some accredited physical culture school would 
put some flesh on his bones, where it belongs. 
And as for that rather portly gentleman on the 


right, he’s no Superman. He’s too fat. 


Magnets, like people, should be well propor- 
tioned. Just the right amounts of metal at the 
right places give them the mechanical strength 
to withstand the necessary grinding down and 
subsequent annealing operations. The shape as 
well as size has a bearing on the energy content 
desired. A few simple rules on proper propor- 
tioning which will help in designing magnets 
are discussed in our pamphlet ‘PERMANENT 
MAGNET DESIGN.” We'll be glad to send you 


a copy. 


CINAUDAGRAPH 


CORPORATION 











4 SELLECK ST. STAMFORD, CONNECTICUT 





3-CC 4 





C4 








This Drever continuous electric roller hearth furnace, com- 
plete with Ammonia Dissociator, has recently been installed 
in the plant of a leading producer of powdered metals. 


The dissociated ammonia atmosphere used is maintained 
at 4° water pressure—with minimum leakage of atmos- 
phere gas. 

Net working area of the furnace proper, less the cooling 
chamber not shown, is 2’ 9” wide x 22’ long. Special seals, 
air operated doors, and complete automatic control are in- 
cluded for maximum operating efficiency. 


The experience of the Drever Company in designing fur- 
nace equipment for powdered metals is available to all 
engaged in, or contemplating such production. 


VER. 


782 E. VENANGO ST., PHILA. 34, PENNA. 





THE 








PRESSURE QUENCHES CONTINUOUS FURNACE LINES - HEAT TREATING FURNACES 





NEW YORK AND NEW ENGLAND—GERALD B. DUFF, 68 CLINTON AVE., NEWARK 5, N. J. 
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ol Presents to the Electrical Industry} 





. HERMETICALLY SEALED) 
} MINIATURE 1%” METER 


¥\" 






(MODEL 120) 


Completely Immersion-proof Throughout 








1 Hole Mounting for Easy Installation 
Movement Built to A.S.A. Specifications 
Ideal Component for All Small Equipment 


@ The smallest meter available, yet capable of performing a full-scale task in a 
variety of applications. 


@ Hermetically sealed, it can be immersed in water for as many as seven days 
without harm to its mechanism. 


@ The case, as well as the glass, is completely waterproof—thus, if the glass 
breaks, water still cannot penetrate. 








@ Since the equipment in which this meter is used must also sustain immersion, 
terminal studs are waterproof sealed. 


@ Supplied with the Model 120 is a waterproof gasket for mounting the instrument 


ALL PA 

flange to the panel. of the I 
@ Quickly and easily installed—only one hole—no drilling, no screws necessary— when tl 
just tighten on with a ring. tion, T 
isms ar 

@ ideal for all small equipment—present or postwar. Write for complete specifica- hinged 
tions and prices. can be s 
Cr 


SUPPORT 
THE 

RED CROSS 
WAR 

FUND 





p -AMSCO CORPORATION 





GENERAL OFFICE: NORTHERN BLVD. AT 45th STREET, LONG ISLAND CITY 1, N. Y. 
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Bristol's PYROMASTER 


A Self-balancing Potentiometer for 
Recording, Indicating and Controlling 
Industrial Processes 











Pyromaster Pyrometer Electric-Type Controller, 
door open and panel swung out 


ALL PARTS ACCESSIBLE: All parts 
of the Pyromaster are accessible even 
when the instrument is in full opera- 
tion. The dial and recording mechan- 
isms are mounted on the front of a 
hinged reinforced steel panel, which 
can be swung out of the case as shown 


above. The slide wire and potentio- 
meter mechanism and, in the case of 
controllers, the contro] mechanism are 
mounted on the back of the panel. 
Each part or unit can be serviced in 
place or removed without disturbing 
any other part. 


Complete facts in Bulletin P1200. Address 113 Bristol Road 








The Bristol Co. of Canada, Ltd. 
_ Toronto, Ontario : 


anny OO Baie 














Bristol’s PYROMASTER Pyro- 
meters are available in the fol- 
lowing types of instruments for 
temperatures up to 3600 F. 


Electric-Type Controllers 
Air-Operated Controllers 
Single-Pen and Two-Pen 
Recorders 
Dial Indicators 
Time-Temperature Controllers 
Radiation Pyrometers 








\ = 0 aw 


y Wh 
. \ s 
\' _— 
% 


THE BRISTOL COMPANY, Waterbury 91, Connecticut 


Bristol’s Instrument Co., Ltd. 
London, N. W. 10, England 
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CHACE 
Thermostatic 


BIMETAL 


35 types of Chace 
Thermostatic Bimetals in sheets, 
strips, shapes to specifications, and 
sub-assemblies are being supplied 
to manufacturers for use in vital 
instruments and controls for 


planes, ships, tanks and trucks. 


Chace is always ready and anxious 
to cooperate with you on any 
problems pertaining to actuating 
elements for temperature respon- 


sive devices. 


wuo€ ACEco 


Thermostatic Bimetals and so ial Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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aa Smee 
developments for your own 
postwar plans... 


After the war there will be plenty of business . . . and 
plenty of competition. Those who make plans now for 
postwar product development will be a step ahead. 


SOMCO products can play an important part in your own 
postwar A ric New and improved SOMCO methods, new 
ideas, new products . . . all born of war experience . 
will be broadened for peacetime use far beyond their 
present military applications. 


As soon as we get the "go ahead” signal, our facilities, 
our engineering and research staffs will switch to peacetime 
production—to help you produce better products for the 
optical industry. 


Right now we are working for Victory, but our sights are 
set on the future—your future as well as ours. In the 
meantime, consult us freely about 
your present problems or future plans. 





—_ porowe LENSES 


ompios e line commercial, high speed 

solar chon projection lenses for 8r 
l6mn pe! 35mm. film and slide projectors 
Drawing shows 35mm double frame pre 


focal lengths. 


OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVENUE - CHICAGO 24, Tee 


* 
CAMERA LENSES = 


tion lenses, various 








PRISM§ 
SOUND OPTICAL SYSTEMS AND+ 
LENS COATING FOR LOW REFLECTION S 


PROJECTION LENSES -» 
OPTICAL FLATS »* 


at 
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FOLLER-SMITH 4.5" PANEL 0 Ii 


oh py we 
ee: 
































and 
for 
own 
new 
their 
ties, 
time gv 
the @Vhere panel conditions permit their installation these 4.5“ semi-flush Bakelite case 
instruments provide maximum readability. Scale length of d-c instruments is 3% 
sil inches and for a-c instruments is 3"@ inches. All instruments except rectifier types 
the are accurate within 1% of full scale value at any point on the scale. Rectifier types, 


approximately 5%. 

Incorporating the long life and dependability developed during 40 years of fine in- 

4 strument manufacture, R-S 4.5” panel instruments have a diversified field of appli- 
cation which includes: Radio Transmitters; Control Panels; Battery Testers and 

Chargers; Electronic Tube Testers and Analyzers; Automotive Analyzers: Instrument 

Test Units; Sound Movie Equipment; Motion Picture Control Panels: Arc Welding 

SES jquipment; Experimental and Amateur Radio; General Electrical Laboratory Testing; 

General Communications, etc. 

Any practical range can be supplied on short notice in d-c and a-c (Repulsion iron-vane 

and Rectifier type) models, with single or multi-range scales. Correspondence is invited. 


HER R-S INSTRUMENTS: Panel, switchboard and portable instruments of practically 
every standard size, shape, capacity, type - style are included in the R-S line ‘of 


>? WwrYv 
bie oe 
ee 






dectrical instruments. Shown here are (upper) 3.5" Miniature Panel Ammeter conforming 
to American War Standard C39. 2-1944 and pn "Steel-Six” Portable Ammeter. 







BUY WAR BONDS 





and don’t forget... 








Sass Raneintitties STANDARD AND PRECISION ELECTRICAL INSTRUMENTS + AIRCRAFT INSTRUMENTS + SWITCHGEAR « 
= In all Principal Cities AIR AND OIL CIRCUIT BREAKERS = ROTARY SWITCHES + RELAYS + PRECISION BALANCES 
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ACCELEROMETERS 


We offer i 
a a “nas of linear accel- 
— ws which set a new stand 
or simplicity and accu nie 
acceleration venice, the 
. No 


carrier systems 
s, amplifiers, or 





quired. 
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ge: 12-0-12 G ODEL AF SH 
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bs 
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4 ounces 
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{MPROPER FLOW CHAR 

ACTERISTICS and POOR 

CONTROL from FIXED 
porT VALVES- 


Ww CHARACTER: 


PROPER FLO 
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H AMERICAN MANUFACTURING COMPANY 
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with FIELD ENGINEERS in ie emia FOR GAS OR OIL 
CITIES 


CLEVELAND, OHIO 






























































For Heating and 
Air Conditioning 


| ae SSL a 

















For Stator Winding 
In Generators 











For Termperature- 
Difference Measurements 





MORE ABOUT 
THERMOHMS 


LEN Electrical Resistance 
Thermometer Bulbs 




















For Temperatures to 1000 F 


Thermohms are not only specialized for comparatively low temperatures—they 
were created for just that purpose. Used, like thermocouples, as the temperature- 
detectors for Micromax Recorders and Controllers, their application begins within the 
thermocouple range and carries on down to any commercially-used sub-zero tempera- 
ture. They give additional choice in securing speed and precision in such measurement ; 
and they also make available the great practical feature that no recalibration of the 
measuring or controlling Micromax is necessary if a Thermohm becomes damaged; it 
is simply removed and replaced with a new unit. 


A standard cable connecting the Thermohm to its Micromax instrument makes 
it possible to measure near or far-distant ‘Thermohms with equal accuracy, and as 
many as 16 Thermohms may be connected to a single Micromax to give centralized, 
time-saving and economical records of temperatures in buildings, large machines, etc. 


Essentially, an L&N Thermohm (electric resistance thermometer) is a small coil of 
nickel or copper wire whose resistance changes with temperature. Thermohms are 
annealed and pre-aged for permanence . . . effectively sealed in one-piece brass cases. 
Thermohms are used with “all-weather” heads, and with protecting tubes or wells. 


For more complete information on Thermohm applications and assemblies—together 
with Micromax instruments for recording and controlling, send for Catalog N-33C. 


Jri. Ad NS42(1) 





LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA. 44, PA. 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 








@ Slegen For Beery American 
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The Second Intersociety Meeting 


[he second meeting* of the confer- 
ence for the Formation of a National 
Instrument Society met at Chicago Feb- 
ruary 17. The Societies represented at 
the meeting were: 

Chicago Society for Measurement 
and Control. 

Kansas City Industrial Instrumenta- 
tion Society. 

New York Society for Measurement 
and Control. 

Northern Indiana Society for Meas- 
urement and Control. 

Philadelphia Society for Instrumen- 
tation. 

American Society for Measurement 
and Control (Pittsburgh). 

Instrument Society of Washington. 

Instrument Society of Wayne Coun- 
ty (Wyandotte, Mich.). 

Earl C. Rieger, Past President of the 
Chicago Society for Measurement and 
Control, presided as Chairman. 

The Conference adopted the name 
INSTRUMENT SOCIETY OF AMER- 
ICA for the national society, which 
name, it was considered, was simple, 





*Note: The Report of the Recording Sec- 
retary on the First Meeting held in New 
York on December 2, 1944 is given on page 
1, Instruments, January, 1945, 


short and in scope included all fields 
and interests in instruments. 

The Constitution Committee pre- 
sented a draft of a constitution for the 
national society. From this draft a 
“Declaration of Policy” setting forth the 
scope, objectives and organization struc- 
ture proposed for the Society was pre- 
pared. The Conference directed that a 
copy of this Declaration of Policy be 


ed is a pleasure to turn this page 
over to a movement for which I 
| have worked during the last twenty- 
one years and it may be fitting to 
quote, in the space left, the con- 
cluding paragraph of the very first 
editorial (June 1933) I wrote as 
editor of INSTRUMENTS: 


“We are all colleagues in one es- 
teemed profession: All men who in- 
vent, design, build, sell, specify, apply, 
install, service and maintain measuring 
instruments, meters and automatic- 
| control equipment belong to one fra- 
| ternity that strives to make better 

things for mankind and to eliminate 

human drudgery.—M FB” 


THE MAGAZINE OF 


Measurement 
and Control 


sent to each of the known local instru- 
ment societies with an invitation to at- 
tend the next meeting of the conference 
and affiliate with others in forming 
the Instrument Society of America. The 
Declaration of Policy will also be pub- 
lished in the April 1945 issue of Jn- 
struments. 

It was also directed that the Consti- 
tution Committee prepare a formula- 
tion of the benefits of a national in- 
strument society for dissemination to 
the various instrument societies. This 
will also be published in the April Jn- 
struments under the title “Benefits of 
a National Instrument Society.” 

Pittsburgh was selected for the next 
meeting, and the date chosen is April 
28, 1945. R. J. S. Pigott, President of 
the American Society for Measurement 
and Control (Pittsburgh), was named 
Chairman of the Pittsburgh meeting. 

The Declaration of Policy states “Any 
person, firm or institution interested 
in the objectives of the Society shall 
be eligible for membership.” 

Inquiries regarding further details 
of the Society or the Pittsburgh meeting 
should be addressed to the chairman 
of the Pittsburgh Meeting, R. J. S. Pig- 
ott, Box 2038, Pittsburgh 30, Pa., or to 
the Recording Secretary, R. C. Darnell, 
Box 4730, Washington, D. C. 

R. C. DARNELL, 
Recording Secretary 


AN INVITATION TO JOIN THE 1.5. A. 


Delegates to the Chicago organization meeting on February 17th instructed the writer 
to invite membership in the new national organization to be known as the INSTRU MENT 


SOCIETY OF AMERICA. 


This invitation is extended to the various local groups now organized, or in the process 
of forming, and also to all individuals who are not now in a local group. 

Referring to the Declaration of Policies* you will find the general aims and condi- 
tions covering the organization. These will be built into a Constitution and set of by-laws 
by the Constitution Committee, and submitted to the constituent societies for ratification. 

The sooner we become amalgamated, the quicker can be brought to pass the many 
benefits of such an organization. We urge you to become a part of this group at once so 
that when Mr. R. J. S. Pigott, Chairman of the meeting called for April 28th at Pitts- 
burgh, sends a notice of that meeting to the local societies, you will already be a member 


of the household. 


Membership application may be made to Richard Darnell, Recording Secretary for 
the organizing activity, Box 4730, Washington, D. C. 





*To be printed in the April issue of Instruments. 


EARL C. RIEGER 
Chairman, Second Organization Meeting 

















Some Recent Applications of Electronics 
to Industrial Process Instrumentation 


By H. D. MIDDEL, Industrial Engineering Division, General Electric Co., Schenectady, N. Y. 


LTHOUGH electronics may _ be 
ralded as earth-shaking, there 
reason to believe that it will 


non-electronic measurement 


s no 
veep aside 
and control methods. In radio, electron- 
ics was uninhibited by competition: 
there was no other medium. In the in- 
lustrial measurement and control fields, 
electronics ran headlong into 
competing forms of instrumentation; 
e., mechanical, pneumatic, and hydrau- 
very mature experience, and 
acceptance only through 
a purpose of this article to 
where and how electron 
the field of process 


however, 


ic, all of 
could wit 
merit. It is 
help 
ics contributes to 


evaluate 


instrumentation. 

By process instrumentation is meant 
the measurement and control of process 
variables such as pressure, temperature, 

The term instrumentation is used 
in its physical sense to cover primary 


etc. 


elements, measuring circuits, controllers 
elements, whether they 
pneumatic, hydraulic, 


and controlled 
De mecnanical, 


electronic or composite. 


Che application of electronics to ‘ 
field of industrial measurement and 
control is in many respects a “natural_J’ 
Electron tubes are in most cases ampi: 
fiers—a necessity where low available 
measurement energy must be amplifie 

mparatively high power levels 
nitiate contro Electron tubes, by 

tue of their low grid current cha 
cteristics, a) ssentially potentiomet 
tric devices and as such they satisfy 
lition often necessary to accurate 
measurement. The gas type tube, while 
not an amplifier, can control large 


amounts of power and its trigger action 


lakes it useful as an almost inertialess 
elay. Electron tubes and their associ- 
ated circuits incorporate such a wide 


range of abilities that applications seem 
to have infinite flexibility. They execute 
smooth stepless control with great speed 
of noise, vibration or in- 
ertia effects. They have won the respect 
of instrument and 


and absence 


engineers process 


engineers alike as reliable and practicai 
dustrial tools. 
The inception of electronics into 
cess instrumentation, among othe: 
things, made the position of many 
existing electrical measurements more 


It provided the means whereby 
could be accom 
plished more accurately and by entirely 
means. It pro 


rTorr 


measurements 


continuous 


ded new forms of primary measuril 
elements and new forms of measuring 
circults which gave rise to the redesign 
f existing primary elements. Thes« 
evi coupled with improved motors, 

‘Substance f a paper presented at the 
National Electronics Conference, Chicago 
et 7, 1944. Re-written in large part for 
publication in Instruments 
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provided new methods of indicating and 
recording, while making possible the 
design of simplified and more flexible 
automatic-control systems. 
HYDROGEN-ION CONCENTRATION 
MEASUREMENT 
One of the early applications of elec 
tronics was an apparatus for measur- 
ing the potentials produced by the dis- 
sociation of acids or bases, and known 
as a pH or hydrogen-ion concentration 
meter. In early pH measuring assem- 
blies using electrodes of hydrogen gas, 
antimony or quinhydrone, the potentials 
could be measured with 
forms of potentiometers. 


produced 
conventional 
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Fig. 1. Schematic diagram of Polaroid 


follow up system 


These assemblies do not, however, lend 
themselves easily to continuous 
urement therefore, 


meas 


and are, usually 
restricted to sampling techniques and 
manually- 
The growing 


pH 


an 


used in with 


balanced 


conjunction 
potentiometers. 
recognition of the importance of 
measurement created a for 
electrode suitable for continuous meas- 
urement in all ranges of pH and non- 
poisoning in oxidizing or reducing f50- 
lutions. This need led to the develop- 
ment of the glass electrode. The high 


need 


electrical resistance of the glass clec- 
trode, however, is such that even the 
best galvanometers have _ insufficient 


sensitivity except when used with spe- 


cially - prepared resistance glass 


low 
electrodes. 

Finally, the FP-54, a low-grid-current 
type of tube, 
and measure the variable 
light characteristic of distant 
With this tube, it became possible to 


electron was developed 
applied to 


stars. 


amplify the glass electrode output to a 
level 


less 


for operating more 0: 
conventional forms of automatic 
thus making the 
tinuous measurement of pH and subse- 
quent automatic control practical. Au- 
tomatic systems of this type are being 
used in the manufacture of penicillin. 


sufficient 


potentiometers, con- 





SPECTROPHOTO METER 
color comparison of an 
color with a standard, eit 
without the aid of a colori 
ter, is subject to uncertainties beca 
the human eye is the final judge 
because color standards, no matter |} 
well they are preserved and guard 
will vary appreciably with time. 17 


RECORDING 

Visual 
known 

with or 


recording spectrophotometer! produces 


by means of an electronic method a } 
manent color record that is not oper 
dispute and is adopted by the Ameri 
Standards Association as the fun 
mental measurement of color. C 
matches, so important in paints, print 
matter, plastics and textiles, obtain 


with this instrument are identical und: 


all types of illumination—this not 


ing the case with visual measurement 


made under varying light conditio 
Furthermore, the spectrophotometer 
use of an_ electronically-command 
servomechanism, automatically dra 


a color curve in not more than 5 minut: 


-in most cases in 2% minutes 
compared to hours required for vis 
measurements. 
TORQUE AMPLIFIERS 
Electronics has made possible a w 
variety of servomechanisms or foll 
up systems which will amplify sm 
torques so that the motion of a heavi 
loaded output shaft will coi 
spond accurately in position and 
with a low-torque input 
without imposing any error-produci 
restraint upon motion 
effort upon the input signal 
the direction of its rotation or 


drive 


speed sh: 
or reacti 
ither 
axial 


its 


Unique among them and designed 
high-precision requirements is the 
larized-light system 
Fig. 1. It is being used in connect 
with a new electromechanical 
ment for accurately solving proble: 
involving integrations. It may also 
used for accurate measurement of 
tating-machine speed over a wide ran; 


servo shown 


GAS ANALYSIS 

The coming of electronics has ma 
possible an entirely new principle 
gas analysis and, for the existing ana 
sis techniques, it has provided a mea 
for obtaining accuracy, and precis 
while providing automatization of t 
measurements. 

The new type of instrument is kno 
as the mass spectrometer. It includes 
in which the gas to be analyzed 
ionized by means of an electron be: 
in a partial vacuum. An accelerat 
potential propels the resulting charg 


tube 


1{General Electric Co. ] 
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; into a uniform transverse magnetic 
which forces the ions to travel in 
; whose radii are proportional to 
mv). By adjusting either the accel- 
erating voltage or the magnetic field, 
each beam of ions of one particular 
ss may in turn be brought to focus 
he spectrometer target. At the tar- 
the ions give up their electric 
ges, permitting exact quantitative 
surements of the abundance of each 
ticular ion to be made. These cur 
reits are one means by which the com 
molecular structures of synthetics 
studied. In general, the mass spec- 
neter would not be possible were it 
for the stable electronic current and 
tage regulators and the _ direct 
pled d-c. low-current amplifiers used 
he, beam-measuring circuit. 
Noteworthy among the 
ilysis methods are absorption in the 
rared and the ultraviolet, and the 
conductivity, while an interesting 





other gas 


comer operates on the principle of 
nsity variation. 
If you were to inhale a quantity of 





helium, your voice would take on a defi- 

te feminine and nasal quality; and 

uld return stepwise to normal with 
each expiration—much to your relief. 
Use is made of this phenomenon in de- 
tecting density changes in a gas whose 
constituents are known. This is accom- 
plished by resonating a sample of the 
mixture and recording the resonant fre- 
quency. Any subsequent change in mo- 
lecular weight or density will produce 
an effect which can be measured either 
as a new resonant frequency or a phase 
shift in the oscillating energy. The gas 
column is force-driven by an electronic 
audio-frequency oscillator and the fre- 
quency at resonance, or the phase shift, 
is measured electronically. Through the 
use of this method, explosive mixtures 
may be avoided in the operation of hy- 
drogen-cooled alternators. 

These examples illustrate to some ex- 
tent the versatility of electronic devices. 
The new instrumentation applications 
already mentioned—and a host of 
others—have earned a notable record of 
successful accomplishments and estab- 
lished a secure position for electronics 
in the instrument field. They are mak- 
ng possible new methods of processing 
and the production of new materials. 
Consequently, the process engineer has 
become receptive to the possibility of 
ising electronic devices to measure and 
control the more common process vari- 
ables: pressure, temperature, flow, and 
liquid level. Since none of these major 
process variables is in itself an elec- 

‘al affect, and since electron tubes 
equire electrical inputs, it is necessary 

convert each process variable into 

electrical actuating signal. 


PRESSURE 
(n industry, pressures are indicated, 
orded, and controlled almost exclu- 
sively by direct mechanical, pneumatic 
hydraulic means, all of which pro- 
le high available output forces. The 











primary elements are simple, self-con- 
tained, low-cost devices. Remote meas- 
urement and control is obtained by 
the use of a single connecting tube 
when the required distance does not 
create objectionable complications. 
Although there are a variety of 
methods for converting pressure effects 
to electrical signals in a satisfactory 
manner, there has been in the past little 
need for doing so except in special 
cases. The pressure in the process can 
by means of a single connecting tube 
be conveyed to a pressure-responsive 
mechanism and produce sufficient torque 
to operate a recording pen and an auto 





ation of the dielectric constant of the 
medium in the gage tube for control 
purposes. Electronic relay devices are 
also available which operate when the 
input contacts are bridged by a mate- 
rial having a resistance in the range of 
0-5 megohms. Contacts sealed through 
the manometer wall are bridged by the 
partly conducting manometric fluid to 
cause relay actuation. Either of these 
types of electrical devices may be used 
with an electronic relay to operate an 
on-off type of automatic controller. 
The second method of pressure meas 
urement involves deformation of an 
elastic member and is by far the most 


common form in industry. Bourdon 
ZERO SET VOLTAGE-PRESSURE tubes, metallic and rubber-like dia- 
SECONDARIES RELATION metallic hell : a 
yhragms, and metallic bellows are 
PRIMARY | a , * 
> P*100% examples. 
Ny, (a P*50% oe ; mr . material 
ceed = Springs and spring-like materials 
poh w = : : 

NY \* oy iy making up these primary elements art 
IRON | a -¥¥- subject to errors arising from hystere- 
. } . 2 ‘ . 
ei >| sis effects, changes in modulus of elas 

ticity with temperature, and others. By 
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t limiting the deflections to 10% of the 
ees bellows length, the response can_ b¢ 
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PRESSURE 


Fig. 2. Transmitter which converts pres- 


sure changes into inductance changes. 


matic-contro] mechanism. The advan- 
tages of such direct-measurement de- 
vices are: 

1. High available torque. 

2. Completely self-contained 

3. Simple connection to the process equip- 
ment. 

4. Economical simplicity 


There are, however, several reasons 
why electrical types of primary ele- 
ments are useful: 

1. Where the distances are great and the 
resulting transfer lags of pneumatic or hy- 
draulic systems are objective. 

2. Where it is hazardous to have the proc- 
essed materials piped from the process ap- 
paratus to the instrument room, 

3. Where pressures at a plurality of pres- 
sure points are to be measured by a single 
indicator or recorder. 

4. Where dynamic pressure fluctuations 
must be measured and recorded. 

5. For vacuum process control. 

6. Where strip-chart recording is desired. 

Industrial process pressures are usu- 
ally measured by one of three methods: 

1. By balancing the unknown pressur‘ 
against a known force. 

2. By measuring the deformation of an 
elastic member. 

3. By utilizing a quantitative change in a 
physical property of a material. 

The first method is represented by 
such devices as liquid-column manom- 
eters of the U and well types. These 


gravimetric instruments leave little to 
be desired. Tuned-grid-tuned-plate os- 
cillator type relays are employed in con- 
nection with these gages, utilizing vari- 


made substantially linear. With electric 


gages, small linear dimensional changes 
CALIBRATED SPRING renresenting a fraction of this percent 


deflection may be measured. 

Fig. 2 shows how an iron core at 
tached to the free end of an elastic bel- 
lows may be used to unbalance the in- 
ductances in an associated electric cir- 
cuit. Properly designed circuits cause 
an a-c. voltage of chosen frequency to 
vary in amplitude and phase with the 
applied pressure. The electrical output 
may be fed to a demodulator (detector 
or rectifier) whose output operates a 
d-c. zero-center instrument, or directly 
into a phase-responsive instrument 
(wattmeter} or, if higher levels are re- 
quired, to an electronic amplifier, with 
means provided in the output stage for 
actuating suitable indicators, relays, 
ete. 

Converting the process pressure to 
an electrical signal provides (with suit- 
able electronic devices) operating pos- 
sibilities not afforded by direct-meas 
urement methods; one illustration of 
this is the switching of a plurality of 
primary elements into a single indicat- 
ing receiver, with considerable saving 
of panel space. In addition, the elec- 
trical method offers great ease in inter- 
changing pressure ranges. The trans- 
mission distance is of course no prob- 
lem for electrical methods. 

The third pressure-measuring meth- 
od is based on primary elements which 
exhibit changes in physical properties 
as a function of pressure loading. Owing 
to the negligible deformation they un- 
dergo, they may be considered force- 
measuring primary elements. 

The piezoelectric effect is displayed 
by crystals such as quartz, Rochelle 
salts and tourmaline, which 
voltages when subjected to pressures. 
When they are compressed or otherwise 
stressed, electric charges appear on op- 
posite faces of the crystal. The voltage 


develop 
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developed is proportional to the applied 
pressure and ranges from millivolts for 
quartz to volts for Rochelle salts (with- 
in reasonable temperature limits). 

Magnetostriction is the magnetic 
equivalent of the piezoelectric effect. A 
force of compression applied to the end 
of a rod of Monel, nickel, stainless steel 
or similar materials will result in a 
change of magnetic permeability. If a 
coil surrounding the rod is energized 
by direct current, the effect of applied 
pressure may be observed on a flux- 
meter. If the coil carries an alternat- 
ing magnetizing current, the resulting 
change in reactance with compression 
may range from 5 to 20%. Both types 
find their. greatest usefulness when 
coupled with electronic amplifiers and 
oscillographs for dynamic pressure 
studies. 

Increased activity in low-vacuum 
processing, as in desiccation of blood 
plasma, production of penicillin and in- 
sulin, vacuum sputtering and the mak- 
ing of non-reflecting lens surfaces has 
placed new emphasis on obtaining in- 
struments for vacuum measurement 
and control. 

For low-vacuum processes, thermal- 
conductivity primary elements are used. 
They produce electrical signals, which 
are fed to electronic relays which in 
turn operate control mechanisms. Pres- 
sure controllers of this type are used in 
connection with power generating equip- 
ment for the primary processing of alu- 
minum and magnesium ores. 

A truly electronic instrument — the 
ionization gage—is used to measure 
vacuums of higher order. The atmos- 
phere of the process is ionized by an 
electron stream in this gage, and the 
number of positive ions formed by col- 
lisions between a given electron cur- 
rent and the gas molecules is a func- 
tion of the pressure. This positive ion 
current may be measured with a sen- 
sitive microammeter or vacuum-tube 
voltmeter, to obtain pressure readings. 

It is not improbable that a pressure- 
responsive element like a spring-loaded 
bellows or diaphragm might be incorpo- 
rated in an electron tube to modify the 
plate-to-grid-to-cathode spacing and 
provide an electrical output propor- 
tional to pressure. In effect, such a tube 
has been constructed and affectionately 
christened a Wiggletron. 

FLOW 

Flow is one of the most important 
of the process variables. Flowmeters 
are used to measure and control the 
ratios of materials supplied to a com- 
plex continuous process and are also 
used to determine accurately the quan- 
tities of a product delivered as a means 
of establishing costs. Flow quantities 
can be measured by volumetric and 
other positive meters, but flow rates are 
commonly measured by inferential me- 
ters employing primary elements such 
as orifices, Venturi tubes and flow noz- 
zles. The rate of flow through such a 
primary element is proportional to the 
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square root of the differential pressure 
across it. The pressure differential is 
usually measured by a manometer. Re- 
cording is often accomplished by plac- 
ing on the surface of the manometric 
fluid a float which may then drive a pen 
across a chart. These flow elements in- 
troduce pressure drops which, like 
shunts in a bus bar, should be kept at 
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Fig. 3. Transmitter which converts differ- 
ential-pressure changes into inductance 
changes. 


a minimum consistent with the desired 
measurement function. 

In most industrial plants it is desir- 
able to install the flow recorders on the 
main instrument board along with other 
process instruments. To do this with 
the mechanical type flow recorder pre- 
sents some real installation difficulties. 
First, it becomes necessary to run two 
pipes (not capillaries) between the pri- 
mary element and the recorder. Because 
these pipes open directly into the 
process apparatus, several precautions 
must be observed. The recorder should 
as a rule be located above the primary 
element so that process material or 
condensate cannot alter the effective 
head at the manometer. In the case of 
steam, condensation chambers must be 
provided and a series of equalizing 
valves must be installed at the manome- 
ter. One of the real hazards of this type 
of recorder lies in the fact that the 
instrument, usually containing mercury, 
is at process pressure and must be ca- 
pable of withstanding pressure surges. 
This not only requires protection for 
the operator but also precaution against 








changing the zero by expelling m-r- 
cury. Because the accuracy of square. 
root compensation depends on main- 
taining a real zero, care must be exer- 
cised also in leveling the recorder. 

To this picture, the electronic method 
has much to contribute. The pressure 
differential at the constriction may be 
measured by a bellows type of differen- 
tial- pressure- measuring element ag 
shown in Fig. 3. The motion of the bel- 
lows’ free end may be used to alter the 
inductive relation in a movable-core 
transformer, The resulting signal may 
then be transmitted over a pair of wires 
to an electronic servomechanism. The 
servomotor may be equipped with a cam 
for extracting the square root to pro- 
duce linear recording and desirable con- 
trol functions. This combination me- 
chanical-electrical-electronic method of 
flow measurement is free of almost all 
the factors which plague the purely 
mechanical forms of flow indicators, re- 
corders and controllers. 


Another feature in favor of electronic 
instrumentation for flow is that it is 
better than other methods in meeting 
the common requirement of integrating 
the total flow through the primary ele 
ment, or totalizing the outputs of a plu- 
rality of flow-measuring elements. Each 
electrical output may be recorded inde- 
pendently at as many points as desired, 
or series connected to produce a record 
of the total flow. Similarly, electronic 
flow instrumentation facilitates record- 
ing of differences in flow between two 
flow elements. 


TEMPERATURE 

Unlike pressure, temperature cannot 
be measured directly but must be in- 
ferred from one of its observable ef- 
fects. So many of these observable 
effects are exactly known that small- 
type lists of classes of temperature- 
measurement methods (not including 
varieties of instruments) fill several 
pages in a recent book.* Before the 
coming of electronics, numerous satis- 
factory instruments for indicating in- 
dustrial process temperatures had been 
developed. Therefore, it is especially in 
the rapid recording and close control of 
process temperatures that electronics 
has made great contributions. But elec- 
tronics has even made possible new 
types of primary temperature-measuring 


elements. 

{Editor's note: An ordinary gas-filled triode, sensitive 
to ambient temperature, may be said to represent a new 
type of thermometer!—MFB] 


Among the older types of primary 
elements, those utilizing electrical ef- 
fects are obviously the most suitable 
for use with electronic amplifiers and 
electronic servomechanisms. Thern 
electric and _ resistance - thermometri 
primary elements are particularly use 
ful in this respect. 

Thermocouples are available in nu- 
merous combinations of materials f? 
temperatures from —200°C. to 1450 


ao rT 


= 


*American Institute of Physics Temper:- 
ture Symposium. Reinhold Publ. Corp., New 
York, 1941. Pages 344-352. 
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ar for most industrial turnace atmos- 
pneres, The e.m.f. output is relatively 
we k: a@ 1°C. change in a controlled 
ter.perature appears as an e.m.f, 
ch: nge of the order of microvolts, so 
thot electronic self-balancing potentiom- 
eters (described below) are winning 
ready acceptance. In certain applica- 
tions, fine-wire couples can be used 
bare; and their nearly instantaneous 
response to temperature changes is an- 
other reason for using this class of 
primary elements in conjunction with 
electronic instruments. 

Similar considerations apply to re- 
sistance-type primary elements. The 
chief difference is that the temperature 
effect being a resistance change, the 
measuring circuit must be a bridge. 
Most self-balancing instruments, how- 
ever, can be converted from poten- 
tiometers to bridges or vice versa. 

For measuring temperatures higher 
than the practical limits of thermo- 
couple ranges, use is made of radiation 
and optical methods. These methods 
have no upper limits other than the up- 
per limits of the calibrated ranges of 
the instruments themselves, since no 
part of the instrument need come into 
contact with the measured source. 

Total-radiation pyrometers may be 
used for measuring “low” and “me- 
dium” as well as “high” temperatures, 
but they are usually designed and cali- 
brated for temperatures above “dark 
red” (about 550°C.) because the radi- 
ant flux from a source to a receiver 
varies as the fourth power of the tem- 
perature difference between source and 
receiver. There are numerous types of 
total-radiation pyrometers but the most 
widely used industrial forms are those 
employing blackened thermoelectric ele- 
ments (single couples or thermopiles) 
as the radiation receivers. The output 
of these primary elements is, of course, 
an e.m.f. which can conveniently be fed 
to an electronic device. A useful type 
of receiver is a vacuum thermocouple, 
in which the thermojunction takes the 
form of an extremely thin ribbon 
mounted between two heavy supports 
which serve both as the lead wires and 
as the cold junctions or the single 
thermocouple. The ribbon is only 2 mm. 
wide and the “hot junction” proper is 
a weld line across it. For about 1 mm. 
on each side of this junction the ribbon 
is blackened, thus providing a radia- 
tion-receiving area 2 X 2 mm. The thick- 
ness of the ribbon being about one 
micron, the volume of the radiation- 
sensitive portion is about 0.004 mm.§ 
and its weight is about 0.003 mg., there- 
by providing exceptionally fast re- 
sponse. For example, when primary ele- 
ments of this type are used in conjunc- 
tion with high-speed electronic instru- 
ments, it is possible to record the tem- 
perature gradients along the length of 
ranidly-moving objects such as rails or 
billets on a rolling-mill stand. 

‘or very high temperatures, there 
are also photoelectric pyrometers which 





measure the energy in a narrow band 
of wave-lengths radiated by the hot 
body. These photoelectric instruments 
represent an attempt to automatize the 
familiar optical _pyrometer. Another 
photoelectric pyrometer utilizes the two- 
color method of temperature measure- 
ment. It embodies two color filters (red 
and green) two phototubes, and an 
electronic amplifier. By measuring the 
red-green ratio the temperature may be 
directly determined. The extremely fast 








tronic engineer but is a_ situation 
brought about by the chosen require- 
ments in industrial automatic-control 
functions. In this respect, amplifiers are 
used more often as relays or unbalance 
detectors, that is, as a servo system 
component. 

A measuring circuit, to be useful for 
the more complex forms of automatic 
control, must not only perform the 
function of rebalancing itself in ac- 
cordance with process variable changes, 
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Fig. 4. Circuit diagram of photoelectrically-balanced potentiometer. 


response of photoelectric devices being 
well-known to Instruments readers, 
there is no need of elaborating upon 
this advantage. 

There are various industrial temper- 
ature problems for which high-speed 
electronic measuring circuits have been 
devised. These are not only rapid in 
operation but suitable for application 
under adverse conditions of off-level and 
vibration. 


PRIMARY ELEMENT DETERMINES 
CHOICE OF CIRCUIT 


The common denominator of all meas- 
urement of non-electrical variables by 
electrical methods is the fact that the 
primary element will yield only a-c. or 
d-c. Thus, there need be only two types 
of measuring circuits for all these vari- 
ables. 

A measuring circuit for use with d-c.- 
output primary elements is in general 
of the potentiometer type, instead of a 
simple two-wire connection to a direct- 
deflection indicating instrument. This 
choice is based largely on the accuracy 
requirements established by the in- 
dustry. 

Although negative or inverse feed- 
back has done much to make the ampli- 
fier a measuring tool of permanent cali- 
bration, electronic circuits are not used 
extensively for quantitative measure- 
ment and control in the process indus- 
try. This is no reflection on the elec- 


but must also be capable of initiating a 
series of operations of the process ap- 
paratus which will return the process 
variable to its control setting. 


SELF-BALANCING POTENTIOMETERS 


While there are a variety of elec- 
tronic types of self-balancing potenti- 
ometers, when analyzed they represent 
two major principles: (1) those which 
feed back electrically and negatively a 
portion of the amplifier output to re- 
duce continuously the input signal to a 
predesigned minimum in keeping with 
the range of the primary measuring 
element; and (2) those which amplify 
an unbalance signal and control power 
flow to drive a rebalancing motor in 
such direction as to reduce the input sig- 
nal to a predesigned minimum deter- 
mined by the sensitivity of the system. 

Photoelectric Potentiometer. — The 
photoelectric potentiometer using a re- 
flecting type galvanometer and photo- 
tube combination is typical of the first 
class. The signal deflects the galvanom- 
eter, causing a light beam to strike the 
photosensitive surface and thereby con- 
trol the grid potential of an electron 
tube. The tube may be used as a vari- 
able resistor in one arm of a Wheat- 
stone bridge as shown in Fig. 4. The 
grid signal causes an unbalance of the 
bridge, with a resultant undirectional 
output current. In series with the load 
is a resistor so arranged that a voltage 
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proportional to output current is 
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back in opposition to the input voltage. 
This causes the galvanometer to take 
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Fig. 5. Circuit diagram of photoelectrically-balanced potentiomet 
phoroelectrically-piloted control system 
f the remaining unbalance current. vanometer as the basic measuring ele- 
his current is not constant but varies ment. By compensating the wind-up 
with the primary-element sensitivity, torque of the suspension, one does not 
the kind of optical system and the in- sacrifice sturdiness and gains in sensi- 
put voltage. How nearly this approaches tivity. If the torque were completely 
a true potentiometric measurement de- compensated, this basic measuring ele 
% ye ~ * 
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as she was measuring the tempera- time “Fundamentals of Electricity” 
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ture of an aluminum ingot at the 
new McCook (Ill.) plant of the Alu- 
minum Company of America. An- 
other is seen at the central control 
board in the adjoining photograph. 
The Instrument Department, headed 
by W. J. Huffstettler, comprises fif- 
teen men and two women, all of 
whom had received specific training 
for the McCook plant’s instrument 
work. ‘When the plant was started, 
a special 36-hour training course 
was conducted for them by the Brown 
Instrument Co.’s Chicago office: 3- 
hour classroom sessions twice a week 
on theory and operation of instru- 
ments; and 3-hour laboratory-prac- 
tice sessions once a week on making 
thermocouples, disassembling and re- 


assembling instruments, ete. Pre- 


of the Aluminum Com- 
America is gratefully acknowl- 
is is the receipt of material from 
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I lelphi R \ WEIKEL, Branch 
Mer Pittsburel J \. ROBINSO>D In- 
lustrial Mer Chicago ilso H. CABOT, 
( Byoir & Assoc., New York. Circum- 
stances made it necessary for me to use 
only fragments of the text-matter sup- 
, 1 condense drastically, A full- 
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pends the galvanometer 
tivity. 


High sensitivity may be 


upon 


course conducted by Educational Su- 


pervisor Mehegan in order to qualify 
for the Instrument Department. 
The new McCook plant makes the 
aluminum-sheet “skins” for war air- 
craft. Its instrumentation, according 
to L. Morton Morley of the Brown 
Instrument Co., comprises more than 


sensi- 


realized by 








ment would have an “‘infinite’’ deflec: ion 
for “infinitely small” signals, and it 
would then be a true fluxmeter. How- 
ever, for practical reasons, this state js 


not achieved, but the result is a st 
portable electronic d-c. 


other types. The high sensitivity of 
element simplifies the 
system required. 

As shown in Fig. 5, the galvanome 
actuate either of two phototube 


basic 


may 


to control a pai? 


put in either direction. The output 


such a potentiometer may have for its 


load a recorder, a relay, a 
I small motor, a generator f 


‘eactor. It is 


that these potentiometers character 


Va 


ve, a 


or a saturable 


by high sensitivity and high 
ability. A 


limited control prerequisite 
for a potentiometer is 
1ave sufficient speed and output torqu 
to operate any of the common cont 
mechanisms. 


Anothe 


class of potentiometers comprises thos¢ 


Electronic Pote tiometers. 
used as unbalance detectors utilizing ar 
type of 
signal to a mi 


electromechanical 
rebalance the input 
mum in keeping With the overall ser 
sitivity of the system. 


potentiometer is the most useful 


automatic-control applications. It may 


be divided into two types, which may be 


termed “continuous” and “disconti 


ous sel Continued on page 


100 Brown recording and control in 
struments. “While the majority of 
the 


ventional 
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for con- 
stated, 


instruments are used 
applications,” he 


ee 


“the electronic instruments are being 
used for measuring and close control 
of specific temperatures... 
at three different processing points, 
for in each of the three operations 
temperature 
tremely 


installed 


must be taken at ex- 
high speed.” 
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having a sensitivity many time that of 


opt al 
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Now the WHOLE doughnut 
goes to work 


HEREVER there’s danger of leakage of gas or liquid around a rotating shaft, 
there’s need for a Sylphon Shaft Seal. Principles successfully applied to control 
problems for more than 40 years, have proved eye openers in this special field. 


Basically, the application is very simple; a sturdy helical spring holds circular 
ring or seal nose firmly against a sealing surface mounted at the end of a shaft. A 
Sylphon Bellows provides a flexible, gas- and liquid-tight connection between a 
mounting flange and the seal nose. 


Sylphon Shaft Seals are engineered for each specific application. Sizes range 
from seals for tiny instrument shafts to seals for huge military installations. Finely 
machined and balanced, they afford a perfect seal against pressures up to hun- 
dreds of pounds, operate at shaft speeds up to 400 RPM. 


es ' 











Sylphon Shaft Seal. Prevents leakage around a 
rotating shaft where the shaft extends from in- 
side to the outside of enclosure. 


New Movie—“The Story of Metal 
Bellows”’ is available to interested ex- 


ecutives and organizations. 


Write for Bulletin EE-825, giving as much spe- 
cific information as possible about your problem. 
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ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, 


VII. PIEZOELECTRIC GAGING METHODS. 


§ 1. GENERAL. 

It is characteristic of many asymmetrical crystalline 
materials that if their dimensions are changed through 
the application of mechanical force, electric potentials will 
appear upon certain surfaces of the crystal. Such materials 
are termed piezoelectric, and the most widely known are 
quartz, tourmaline, and Rochelle salt (potassium sodium 
tartrate). ; 

Many other crystalline materials possess the property to 
a greater or less degree, but only in the case of tartaric 
acid, sucrose (cane sugar), and a few sodium and potas- 
sium salts is it of sufficient magnitude and uniformity to 
justify its application in measurement. 

The piezoelectric property is associated with the crystal- 
line structure of the material* and, as might be expected, 
fective only for certain directions of application of 
force; if the force be applied at an oblique angle there will 
in general be a component effective in the proper direction. 
For use, rectangular plates or wafers are cut from the 
mother quartz in such a manner as to permit the appli- 
cation of the force to the flat surfaces of the wafer. Thus 
the crystal may be made capable of withstanding the great 
est mechanical load. 
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Flat metallic electrodes are used as collectors of the 


electric charges produced, and the entire assembly of crys- 
tal element and electrodes may be said to behave in the 
electric circuit as a capacitance—or a capacitance in series 
with a generator having negligible impedance—so that the 
piezoelectric unit has an impedance increasing as_ the 
frequencies involved decrease. (Strictly speaking, even the 
simplest assembly is not a pure capacitance by reason of 
the crystal’s mechanical properties. The equivalent circuit 
usually drawn to explain the “time-keeping” properties of 
the device as a generator of constant frequency is shown in 
Fig. 116A. It should be noted, however, that when a piezo- 
electric element is used as a generator of constant frequency 
it is operated in a condition of mechanical resonance, while 


*Quartz crystals, for example, are trigonal, six-sided prisms 
with pyramidal ends. A crystal has one axis of three-fold sym- 
metry (the optic or Z-axis) and three two-fold axes (the electric 
or X-axes). Owing to the imperfect form of crystals as found in 
nature, the axes are located by optical means. 

This relation between electrical, optical, and mechanical prop- 





erties imposes certain limitations on the use of piezoelectric ma- 
terials. 
for direct measurement of hydrostatic pressure, 
opposite charges are produced along pairs of electric axes, 
these counteract each other. This difficulty does not appear 
tourmaline, which has a different crystal 


For example, quartz is unsuitable for use as an element 
because equal and 
and 
with 
structure. 
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Research Staff, Association of American Railroads, Chicago, III. 


when it is used to convert mechanical force to elect 
energy it is operated well away from its natural frequer 

The most commonly used piezoelectric material for 
chanical measurements is quartz.t Quartz has the import 
advantages of high mechanical strength and resistanc 
both heat and moisture. Tourmaline, which also possse 
these advantages, is quite costly because it is consider 
gem. The organic piezoelectric materials—Rochelle 
tartaric acid, and others—although much more sensit 
have much lower mechanical strength, cannot stand 
high temperatures of many applications, and are impa 
by moistvre. 

Quartz crystals for mechanical measurements are o 
narily cut so that the force may be applied parallel to 
electric axis; then the metallic electrodes through w! 
the force is applied also collect the electric charges. 
potentials developed on these electrodes are linearly } 
portional to the applied force. See Fig. 116A. 

Rochelle salt crystals, because of their low 
strength, usually 
linkage which limits the mechanical stress developed in 
crystal. In order to facilitate their installation and 
increase the output, such elements are often composite, m: 
up by cementing together slices of crystalline material v 
inserted foil electrodes. These composite elements may 
either “bender” or “twister” elements, depending upon 
manner of cutting the slices and their orientation wi! 
cemented. Single crystal elements, when used as motor « 


mechan 


receive the applied force through som 


ments rather than pick-ups, may be termed “expander” e\ 


OK 


ments.259 These three forms are illustrated, and their 


havior diese od, in Fig. 116B. The composite elements ar¢ 


often known “bimorph” elements. 


as 


Any of the four forms illustrated may be employed eith: 


to convert mechanical to electrical or to con, 


electrical to mechanical energy. 


energy, 


APPLICATION OF PIEZOELECTRIC CRYSTALS. 


The most direct mode of application of a piezoelectric 
crystal is in the measurement of mechanical force applied 
element and electrod 
assembly of Fig. 116A may be used to measure force, if 
is placed mechanically in series with the applied force and 


to the crystal itself. The crystal 


the load. One electrode must be insulated. 


It is possible also to measure strain in a mechanic: 
member by attaching to it a crystal, so that the strain in 


the material of the member is imparted to the piezoelect 
material. For this application, the crystal element may 
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cut at an angle of 90° 
of length of the crystal element will develop electric char; 
on opposite flat faces. This is illustrated in Fig. 117, 
which the direction of the electric axis of the piezoelect 
material is indicated by the small arrows. Crystal eleme 
cut in this manner have been used for measurement 
dynamic strains at high rates. Some have been applied 
the surface of a stressed member with an adhesive, 


indicated in Fig. 117; in measurements of internal stres:e 


produced during the driving of reinforced concrete p 
crystals have been enclosed in capsules which were t! 


+Excluding, perhaps, the special 
salt crystal in vibration pick-ups. 

(259) Ben Baumzweiger. Application of Piezoelectric Vibrat 
Pick-ups. Journal of the Acoustical Society of America, Vol. 
1940, pages 303-307. 





application of the Roch: 





to the electric axis; then a chan; 

















NDU; 

are ¢ 

duce 
be more 
adjustme 
tion requ 
tention o 

This t 
procedur 
tional cel: 
matic Co! 
said wil. 
hydraulic 
mediate | 
marks w 
and what 
th it, the 
adjustme 


‘he s 
can be ay] 
process— 
type” of 
tuted fo 
“bath-tul 
valve act 
tion of a 
ply to n 
setting-p: 
valve po: 
to the de 
range of 


*Presen 
M«chanica 
Tivative | 
Pittsburg! 


















ded within the concrete.2°° These crystals were cut 
smoidal form, with the length perpendicular to both 
‘tic and the electric axes. The electrodes were applied 
sides of the crystal, and the force, through a spring 
bly, to the ends. Most of the mechanical load was 
d by the metallic capsule. This mechanical construc- 
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shown in Fig. 118A, ‘is applicable to many other uses. 
. however, deficient in resistance to vibration disturb- 
3: the relatively large mass of the crystal element per- 
the development of acceleration forces great enough 
oduce spurious response under some circumstances. 
‘ystals of tourmaline, sugar, tartaric acid, and other 
erials have been applied to the measurement of hydro- 
c pressures directly.261 They must be fitted with metal- 





lic electrodes and suitably insulated electrically; if the 
crystal element is encased in a flexible oil-filled capsule the 
required electrical insulation is afforded while at the same 
time the crystalline material is protected from contact with 
the water. 

The direct application of the piezoelectric crystal, as 
described above, is much less common than its use in a 
mechanical device or fitting which converts the magnitude 
being measured into a force which is then applied to the 
crystal assembly.* Mechanical “harnesses” of this sort offer 
several advantages: they can provide greater sensitivity 
by employing more crystal elements; they can isolate the 
crystal elements from damaging heat and moisture; they 
can convert other magnitudes into force, which the crystal 
element can measure; and they can act as safety devices 
by limiting the force which can be applied to the crystal 
element. They also make possible another range of measure- 
ment: since it is not convenient to apply tensile force to 
a crystal element, by polarizing it initially with a compres- 
sive force the measurement of tensile forces or of pressures 
below atmospheric is made possible. In the converse appli- 
cation—when the crystal is used as a motor or driving 
element — the use of composite elements and mechanical 
linkages makes possible a number of useful applications 














60) G. Grime. The Measurement of Impact Stresses in Con- 
Proceedings of the Physical Society (London), Vol. 46, 1934, 


s 196-204. 


61) A. W. Lawson and P. H. Miller, Jr. Piezometer for Tran- 
Pressures. Review of Scientific Instruments, Vol. 13, 1942 


3; 297-298 


stabilize them, will 


otherwise unavailable, 


*In this treatment 
adjust the frequency of quartz resonators, and of spec 


not be discussed. 
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SIMPLE ADJUSTMENT PROCEDURES 
for Automatic Controllers of the Proportional Class 


By EDMUND D. HAIGLER, Manager, Application Engineering Dep’t, The Foxboro Co., Foxboro, Mass. 


NDUSTRIAL control instruments 
| are capital goods purchased to pro- 

duce revenue. Obviously, they will 
be more attractive investments if their 
adjustment to revenue-producing opera- 
tion requires a minimum of skilled at- 
tention or process disturbance. 

This talk is to cover simple setting 
procedures for controllers of the propor- 
tional class. It will be based on pneu- 
matie controllers, but much of what is 
said will apply also to electric and 
hydraulic instruments. While the im- 
mediate problem is adjustment, the re- 
marks will be mainly about controllers 
and what they should do, because after 
that, there is so much less to say about 
adjustment. 


1. “PROPORTIONAL” 


The simple proportional controller 
can be applied to almost any continuous 
process—what we call the “shower-bath 
type” of process. Also it may be substi- 
tuted for an on-off controller on a 
“bath-tub type” of process where on-off 
valve action is not permitted. The func- 
tion of a proportional controller is sim- 
ply to measure a deviation from the 
setting-point and change its control- 
valve position an amount proportional 
to the deviation—whence the name. The 
range of measurement over which the 


*Presented at the American Society of 
Mechanical Engineers’ Symposium on De- 
rivative Controi Action, June 20, 1944, 
Pittsburgh, Pa. 





control mechanism functions is the pro- 
portional band or throttling range— 
usually expressed in percent of scale 
range for full valve travel. 

The action of a proportional con- 
troller is very much like that of a 
“green” operator: If he makes too large 
a correction for a deviation, the process 
continues upset. If he makes too small 
a correction, the deviation continues on 
and on and he has to correct and correct 
again. He soon learns to make “propor- 
tional” corrections suitable to that par- 
ticular process. 

Similarly, if the controller is too 
active and overcorrects, causing the 
process to cycle, one must increase the 
proportional band or throttling range 
until process stability results. If the 
controller is too sluggish and allows the 
deviations to go a long way before being 
arrested, one must narrow the propor- 
tional band, in steps, until instability is 
reached or imminent, and then increase 
it somewhat, to give a margin of stabil- 
ity for changing operating conditions. 
This may seem a rather coarse adjust- 
ment. It is—and is so intended. Steps of 
2:1 are reasonable for initial adjust- 
ment, and never less than 114:1 at the 
end. Smaller steps simply are not sig- 
nificant in practical operations. 

Under steady operating conditions, 
finer settings are possible, but such fine 
adjustments should not be attempted. 
Remember, process upsets do occur, and 
then the operator is busy and needs 





automatic assistance. On most process- 
es, some variables are not automatic- 
ally controlled and they need enough 
attention, without adding the controllers 
too. Remember, too, that process char- 
acteristics may change over an operat- 
ing cycle or with large changes in load, 
especially when valve characteristics 
are unfavorable by reason of type of 
valve or insufficient pressure drop across 
it. Remember finally, that routine proc- 
ess maintenance may change process 
control characteristics. Automatic con- 
trol should be truly automatic. It should 
take care of these normal events, 

Looking at it another way, the indus- 
trial user buys an automatic controller 
because he expects it to show a profit as 
an investment—in most cases a relative- 
ly large profit. Usually the possibilities 
for a profit are far greater during short 
upset periods when good automatic con- 
trol can more quickly stabilize the proc- 
ess and save waste or degraded product, 
than during long stable periods when 
finer adjustments are possible. Further- 
more, with a good controller having a 
high force/friction ratio, and connected 
to a valve also with a high force/fric- 
tion ratio, the difference in operation 
with somewhat wider than critical pro- 
portional band is often very difficult to 
detect. 

Thus, in a proportional controller, 
simply set the proportional band by 
steps, wider for stability, narrower for 
activity. Do not set it too fine. 
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2 AUTOMATIC-RESET’ 


Natura the simple proportional 
controller has limitations. One of the 
I Ss serious ls drift of tne contro 

vith load. Since, wit! 1 given 


ndex setting, each valve position cot 


sponds te 1 certain measurement 
1iué 4 change in ijoad always resuits 
a me alve position at a correspond 
eading. If the process is sluggish 
erratic, demanding an unusually 
wide proportional band to prevent over 
contre nd cycling, the drift of control 
point with load is large and trouble 
I Proport na reset”’ controllers 
ere developed for such applications 
Combine ith the basic proportional 
ntrol mechanism 1s an automatic-re 
et mechanism, the function of whicl 
t iperpose on the proportional cor 
ect i et correction which bring 
e Col it pac the setting 
te pset 
Returning ir manual operato 
{ ¢ ming more experience d) we 
find that he is not merely arresting the 
at s but is also making gradua 
ec D o the ocess Dack t& 
tl le é neasurement. If he makes 
these nu “reset” orrections too 
suaadenly tne process will be upset 
gain. If n the other hand, he makes 
ne ( rect S ery ery gradually, it 
take quite a while to get the 


back where it should be. 


hese effects are shown even more 
clearly if we give this operator a wide 
band proportional controller with a 


index. From 
well 


the setting 
such p observations 
from studies, it is 
found that each process has a charac- 
recovery time, and an attempt 
to reset in less time will upset it fur- 
ther. When the reset time of an instru- 
set to this fastest stable re- 
covery we call it “critical reset.” It is 
found, also, that longer reset times, two, 
three, even five times the critical value, 
usually have little or no effect on eco- 
nomic operation of the process. This is 
explained by the averaging or “‘integrat- 
ing” action of the reset system which 
operates to hold a precise average value 
of the controlled variable. 

Thus in a proportional reset control- 
ler, first set a reset time longer than 
the recovery time of the process. In 
case of doubt go by experience with 
similar process units, by analogies on 
a new process, or simply set the longest 
reset time. Then find a suitable propor- 
tional-band or throttling-range setting, 
by steps, as before. If the record should 
show a long dragged-out recovery, after 
a single upset, or a wandering in nor- 
mal operation, reduce the reset time in 
large steps, without changing the pro- 
portional band, until performance is 
satisfactory. 

This is a simple procedure, but not 
a trial-and-error procedure. It gives 
directly an accurate—we might say 
measured — result for that particular 
process, and without disrupting oper- 
ations. If any difficulty is encountered 
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it is a warning to look for trouble, per 


haps in the instrument; more likely in 
the valve, on which the stuffing box has 
not been lubricated or has been pulled 
up tight; or, even more likely, in the 
process, where erratic behavior is re 
ilting from trouble or from primary 


variables not tied other con 


daown by 


troliers In all such instances, controller 


idjustment is a compromise: difficult 


to make, chiefly because it is difficult 


to decide just what compromise best 
suits all conditions 


“DERIVATIVE.” 
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ses. On such processes a simple } 
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process, except at the peak load 
set point, where a bad deviation 01 
shoot very wide p 
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ly large deviations. This su; 
the use of derivative control, and 
» cue to its adjustment. 
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ed in Foxboro Co. schematic diagrams 


(1) Mechanism providing on-and-off mode of control 
(2) Mechanism providing proportional-position mode of control 


(3) Mechanism providing proportional-reset mode of 


more skilled) we find that after a major 
process upset he may make a temporary 


overcorrection, which stops the devi 
ation shorter and brings it back to the 
control point sooner. This is the “de- 


rivative correction,” so called because it 
is made in accordance with the rate-of- 
change or derivative of the measure- 
ment. This correction is in the same 
direction as the proportional correction 
when the deviation is increasing, oppo- 
site when decreasing and zero when un- 
changing. 

The behavior of an active derivative 
controller is not always easy to under- 
stand, Proportional action is easy to 
follow by itself, even when com- 
bined with relatively slow automatic- 
reset action. When derivative action is 
added, the behavior of the output air 
pressure can be quite puzzling, unless 
one remembers that the two or three 
functions are going on simultaneously. 
One is likely to secure even less than 
the usual mediocre results from at- 
tempts to make settings by casual ob- 
servation and tinkering. Nevertheless, 
if certain simple setting procedures are 
followed, it is easy to get adequate ad- 
justments of derivative type instru- 
ments. 

The proportional derivative controller 
is used on such batch processes as 
shredding of cellulose in the viscos« 
process, where there is great energy 
storage on the supply side and little on 


or 


control 


the steady part of the run with 
derivative action. Then introduce d 
rivative effect in steps until the upset 
hump is reduced. If the derivative eff 
is made too great, a steplike record nea: 
the upset point -or even continu 
cycling of the controller may result 


oO 


4. “HYPER-RESET.” 

The proportional reset derivative 
controller has come into wide use. 
many years Foxboro Stabilog Temp 
ature Controllers were provided \v 
some derivative effect by bringing the 
connection into the volume tank through 
a considerable length of capillary re- 
sistance, most of which was coiled ut 
the tank. This resistance ten 
porarily varies the effectiveness of | 
volume and thus results in a deriva 
effect. Recently Foxboro has mad 
variable derivative action, or “Hy} 
teset” standard in Stabilog Temper 
ature Controllers, utilizing a nove! 
capillary resistance and capacitance 
network to provide a definite valu 
derivative time for each value of reset 
time without an additional adjustm 
Other makers have offered deriva 
action with separate adjustment. 

The adjustment of proportional r 
derivative controllers would be very 
difficult were it not for the fact that 
there are optimum relations between 
derivative times and reset times, which 
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VALVE OPEN 


SCHEMATIC 
DETAIL OF RESET VALVE 


2. Schematic diagrams of pneumatic circuit elements in three classes of Foxboro air-operated automatic controllers, showing the adjustment valves 


ild not be exceeded for stability. 
s; makes it possible either to scale 
reset and derivative adjustments 
then set them in definite relation- 
, or to build the relationship into 
control system. However, because of 
variations in the construc- 
of various proportional reset de- 
tive instruments, varying recom- 
dations may be made regarding 
vative to reset time relationship and 
ng procedure. 
the Foxboro Hyper-Reset Stabilog 
the adjustment procedure is 
mple as that long used in propor- 
al reset controllers. It is slightly 
ified to provide for the fact that 
ing can be caused by excessively 
derivative time, as well as by less- 
-critical reset time. Fortunately, 
identical adjustment procedure is 
lly suitable for the Stabilog with- 
Hyper. Of course, with the reset 
stment made in only four large 
s (or five in instruments without 
er), and no separate derivative set- 
the total number of adjustment 
inations is already limited. Only 
w of these need be tried, not by 
1 trial and error, but in a simple 





ct procedure, which measures proc- 
characteristics, yet avoids appreci- 


cycling or other upsets to process 


Short cuts are possible 


VALVE CLOSED 


M/30 STABILOG 
LIQUID LEVEL CONTROLLER 


Haigler refers in the last section of his article. 


COMPLETE ADJUSTMENT PROCEDURI 

In a complete adjustment procedure, 
first set the proportional band at 100% 
and open Reset Valve C, leaving all 
others closed. This is setting “100/C.” 
(In the great majority of cases the 
process will control stably. If so, pro- 
ceed; if not, skip to the next para- 
graph.) Reduce the proportional band 
in steps of 1:14 until a tendency to- 
ward cycling is apparent, and then re- 
turn one step. Next try B valve open, 
closing C. If unstable return to C; if 
stable try A valve open, closing B. If 
unstable return to B, but if stable leave 
on A. 

If unstable at “100/C” try “100/0” 
(no valves open). If stable proceed as 
before, first to find a suitable propor- 
tional band, and then to try reset time 
D. If still unstable, there may be trouble 
in the process, or in the control system, 
especially a sticking valve. Occasionally 
the process may require extremely wide 
proportional extremely 
long reset times, or even be inherently 
unsuited to this type of control. 

In practice, this unabridged setting 
procedure is further short-cut by skip- 
ping settings outside the probable 
range. Many engineers almost always 
start with ‘60/C.” Even where settings 
on similar process units are not known, 
or where analogy with a similar process 
is questionable, the reactions of the 
particular process on hand control, 


bands and/or 


M/30A STABILOG 
TEMPERATURE CONTROLLER 


while it is being balanced out prior to 
setting the controller, are significant. 
If slight output 


cause considerable changes in 


changes in pressure 





ment, a wide proportional band will 


required for stability; conversely for 


narrow proportional band. Similarly, if 
the time for the process to level out 01 
recover from upsets or to follow manual 
changes in output pressure is brief, a 
short reset time is permissible; con 
versely if the recovery time is long, a 
correspondingly long reset time is ir 


dicated. 
6. CONCLUSION 
In conclusion a few words of caution 
A lot of ground has beer 


these 


are in order. 
covered in remarks and, in at- 
tempting to be brief, explanations have 
been abbreviated, and important quali- 
fications or limitations contained in a 


few words. Furthermore, analogy from 
manual control has been used without 
detailing its limitations. However, it 
should be obvious that a controiler, 
though very effective because continu 


ously and minutely attentive and pre- 
repetitive 
unreasoning. Hence 


cisely in its response, is 
applied 


Probably 


it cannot br 
exactly like manual control. 
the most striking example of this is the 
widely used on-off controller which does 
what is never attempted in manual con 
trol but, where applicable, can surpass 
any other type of control. 
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By D 
ROM t I 
F: "TICIE I oy ive 
eared in 1 Thes¢ 
P e most pa avi ne 
r r nee connected with 
mpanies engaged in the manufacture 
and e of orifice type meters. 
Many meters are used in measuring 
fluid such as natural gas, sold to 


Since the revenue from the 
fluid or the cost of the fluid (depending 
on which side of the fence you happen 
to be) is based on the meter reading, 
no expenditure for the best possible in- 
stallation can be too great. It is of the 
greatest importance for the protection 
if both that the last word in 
accuracy be incorporated in the design 
of the meter. It is natural, then, that 
the manufacturer of those instruments 
should be extremely interested in de- 
signing orifice installations with the 
highest degree of accuracy possible. 


customers. 


parties 


The instrument engineer in industry, 
faces an entirely different 
problem. With him it usually is a com- 
between accuracy and cost of 
installation with cost of installation 
ften on the winning side. The meter 
installation in which he is most inter- 
uracy is possibly the steam 
from sut 
relative accuracy of a fairly high 
ill that is necessary as the 
of the boilers from 
month to month can be determined just 
as accurately with the less accurate as 
with accurate meter. 

Most other installations either 
for distribution of fluids to various de- 
partments, or for aiding the operator 
in the operation of a process. In neither 
case is extreme accuracy required. 


however, 


promis¢ 


ested in act 


the boilers. even 


generation 


here 


: 
tive efficiency 


the 


more 


are 


A great majority of orifice installa- 
tions in industry of which the author 
has had experience or knowledge are 
in OLD PIPE LINES. It is quite often de- 
sirable to know the approximate flow of 
fluid through a given line and worth 
a certain-amount of money to manage- 
ment to get:it. However, it may not be 
worth the cost of installing a new line 
or even of installing a new flange in 
order to get a good orifice installation. 
The smaller expense of using an ex- 
isting flange in an old line, to get an 
approximate flow, may be justified. It 
is apparent, in this case, that an ex- 
tremely accurate orifice is not justified, 
as the error due to faulty installation 
may be five times as great as a less 
accurate orifice. 

It seems to the author that there is a 
field for a simplified orifice design 
which, although not the last word in 
accuracy, will be sufficiently accurate 
for most industrial purposes. 
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Simplified Orifice Design for Existing Pipe Lines 


in Industrial Plants 


M. YODER, Columbia Chemical Div., Pittsburgh Plate Glass Co.. Barberton, O. 


» per I yur 


C Coefficient 0.61 used as a 
value sufficiently close fo 
most industrial purposes; 

1 pipe area in square inches; 
S:= density of fluid at flowing 
conditions in lbs. per ft.3. 
g = acceleration due to gravity 
32.16 ft. per sec. per sec. 
h = differential of manometer 
fluid in inches; 
S = density of manometer fluid 
in lbs. per ft.3; 
R = the ratio of pipe diameter to 
orifice diameter = D;/Do. 
Solving the above formula for R gives 
the ratio of pipe diameter to orifice 
diameter sufficiently close for many in- 
dustrial purposes: 
'. Dg = D;/R orifice 
D, pipe diameter. 


diameter where 


Should the conditions be right for a 
installation and metering 
accuracy be desired, then formula (1) 
can again be used by applying proper 
correction factors. 

wish to 


rood orifice 


Suppose you meter a low- 












































pressure gas at a hign temperat 
is high a degree of accuracy as 
sible, we can then apply corre 


factors to correct for compressil 
expansion of orifice due to temper: 
and a more accurate coefficient. 
formula then becomes: 
7.22CAS:Y F [2gh (S—Se)/: 


W =———_— : 
(R*—1)* 2) 








where C is the correct coefficient. H 
ever, the correct value of C and « 
pressibility factor Y depend on 
orifice ratio which we do not knov 
It is necessary, therefore, to find a: 
approximate orifice ratio; which 


readily be done by letting C equal 0.61 ! 
Y equal 1 and F' equal proper factor as 1 
found from curve on page 91 of fourth E ¢ 
edition of ASME “Fluid Meters.” By ) 
the use of this approximate orifice ratio— B. | 
and Reynolds number, C for vena- f 


contracta taps can be found on curve 
sheets Figs. 69 to 71 inclusive of 
above publication. By using this s 
approximate orifice ratio, Y can be thor 
found from curves of Fig. 72 of 
same publication. 

An orifice designed by formula (2 B 
will be sufficiently accurate for pra | 
tically all meter installations in indus | 


r 
£ 
i 


try requiring high accuracy. 


om * 

Toward Improving the Utility of ASME-AGA 
- ° ~~ . . be] 
Orifice Coefficients , 

[Article by Theodore F. Falls and George B. Bailey 
in Oct. 1944 Instruments, pages 601-602] 
DISCUSSION 
By R. E. SPRENKLE, Hydraulic Engineer, Bailey Meter Co., Cleveland, Ohi 
: difficulty of designing orifices where w’ equals the number of 

based on the information given pounds of fluid flow per hour. This p 
; 


both in the Joint ASME-AGA Orifice 
Coefficient Committee Report of 1935, 
and in the ASME Fluid Meters Com- 
mittee Report Part I, 1937 edition, is 
quite obvious, as pointed out by the 
authors of this article. 

The present writer desires, however, 
to call attention to the following pro- 
cedure as being not only fast, but accu- 
rate and practical, and which has been 
used for a number of years with com- 
plete satisfaction. 


PREPARATION FOR ORIFICE DESIGN 


The authors’ equation No. 4 can be 
rewritten as follows: 


w' = 358.9K D3 (he)* (1) 


equation is similar to equation 99, pag: 
49 of the Fluid Meter Report referved| 
to above. 





By substituting the value of 
shown in the authors’ equation No. 3 
the above equation No. 1, we obtain 

> pon” P , 
w’ = 358.9 K B2D, (hp) * 2 


We now combine several factors 
one, called Capacity Factor EF, or 


E = 358.9 K B2 (3 
Substituting in equation No. 2, we ( 
now have: ; 
2 
w' = ED, (hp)* 4 
and rearranging the terms: 








Lo PF ! 


7 
BS A 


2 in 
0. 0, Il 








ta ned. 


D, (hoy 


assuming various values of B, 
ponding values of E can be com- 
for each pipe size (since the co- 
it K varies with pipe size) at a 
int Reynolds number RF, of 1,000, 
These # values can either be plot 
n separate curves for each pipe 

placed in tabular form, as de- 
Other can be prepared 
ng the correction factors C,, re 

d for deviation of Reynolds num- 

from 1,000,000. This correction is 

porated in equation 5 as follows: 


E’ = E/Cra (6) 


curves 


DESIGN PROCEDURE 


he procedure for designing any ori- 
is then quite simple. First, substi- 

in equation 5 the known values of 
acity, pressure, temperature, pipe 
meter, and meter differential head, 
1 solve for E. From the proper size 
curve or table determine the corre- 
mding approximate diameter ratio 
Since Do = BD, the approximate 
fice diameter is obtained, and then 
value of the actual Reynolds num- 


er R,. This value is sufficiently close 


require no readjustment, even 
ugh the final orifice hole may be 
ghtly different from the approximate 
By substituting the corresponding 
rection factor Cp, together with the 
ue of F (from Equation 5) in Equa- 
n 6, the adjusted value of E’ is ob- 
From this, the final orifice 
ameter is determined directly from 
» proper E curve. 

\s noted, this procedure requires 
y one readjustment which is simple 
1 direct. Actually, since the variation 
the usual Reynolds number from the 
100,000 standard seldom results in a 
‘rection Cp, of more than 42% to1%, 
is correction can be disregarded in 


any cases, resulting in a direct calcu- 
tion from Equation 5. 


REYNOLDS NUMBER R, 


In answer to the authors’ query as 
why Reynolds number Rp based on 
pe diameter was not chosen instead 
Ra, there were at least two reasons 

the selection of R, based on orifice 
meter. One of these was the better 


“Designing an Orifice” 
(AN 


The expression “designing” an ori- 
fice suggests highbrow work: the 
design of the orifice shape, thickness, 
size and angle of bevel, etc. Actually, 
all the user has to do is to determine 


1 


correlation of the data in the viscous 
flow region, and another was the fact 
that R, had already been used exten- 
sively in this country. Actually, it mat- 
ters little, perhaps, which system is 
used, for since poth R, and R, vary 
with velocity and-size of pipe or orifice, 
the value of AK must vary likewise; viz.: 


K f(R. BD) or 


AGTHOR S* 


By THEODORE F,. FALLS 


Mr. Sprenkle’s comments are appre- 
ciated, particularly as he describes a 
method of orifice computation which is 
typical of what we pointed out to be 
the present limit of the art. We agree 
with him completely that this present 
method can be handled with as much 
facility as the one we propose—at high 
Reynolds Numbers where there is little 
or no change in the value of the coeffi- 
cient. 

The E of Mr. Sprenkle’s equation 
No. 5 (E=358.9K) differs from the 
2K factor discussed in the paragraph 
following our equation No. 4 only by 
the inclusion of the constants-and-con- 
versions factor. This is wholly a matter 
of personal preference. Our own incli- 
nation is to use the constants-and-con- 
versions factor, independent of 22K, as 
a vehicle for the various flow-rate units 
met in practice; but we believe sin- 
cerely in accepting the established pat- 
tern in this matter when dealing with 
the work of a particular staff, since 
there is so little advantage either way. 

The real question at issue is whether 
Mr. Sprenkle’s E (or our 8°K) should 
be correlated with Ra or with R,—or, 
as we emphasized, with the inverse of 
Ry. 

The use of R, (or its reciprocal) 
eliminates completely the readjustment 
of the computation in orifice design in 
the lower turbulent regions despite the 
general impression to the contrary. 
This can be demonstrated rather simply. 
R, is independent of orifice diameter 
by definition. A selection of / from a 
set of values of 22K in an R, argu- 
ment must be final since none of the 
computed values of the problem are 
affected by the selection. Most of us 
realize that with the use of Ra, the re- 


Sheep in Lion’s Clothes 


EDITORIAL) 


the diameter and to order an orifice 
plate of that size. A few multiplica- 
tions and divisions may be required, 
and looking up tables, but no “‘math- 
ematics.”—-M. F. BEHAR 


K =f (Rp BD) 


Therefore, a readjustment must 
theoretically be made in the orifice de- 
sign with the use of either R, or Rp, 
to compensate for the actual value of 
K. Actually, with the pro 
cedure outlined readjust- 
ment is so small that in many instances 


however, 
this 


above, 


it can be eliminated entirely. 


CZUSU RE 
and GEORGE B. BAILEY 


adjustment does not any 
change in the basic values in the prob- 
lem, but rather a change in the com- 
puted value of Reynolds Number de- 
pendent upon the value of £8. The read- 
justment is simply a step-by-step ap- 
proximation method of correcting a 
false premise toward reality. 

What has not been understood, pre- 
viously, is that the manifold of K vs. 8 
and FR, is just as rigid and consistent 
a system as K vs. 8 and Ra. We have 
never found any discussion of this point 
in the literature, nor are we prepared 
to support it with any rigorous proof. 
On the other hand the soundness of the 
step is justified within the structure of 
the empirical equations of Buckingham, 
insofar as these have been published, 
and in consideration of the relation of 
Ra and Rp by definition. 


represent 


The linearity of K vs. 1/R, for any 
given we think to be a matter of 
prime importance. Not only does such a 
relation indicate a possible physical 
law, but it markedly condenses and 
facilitates the use of the tables of coeffi- 
cients and the dependent £°K. This is 
important in selecting orifices, and it 
is of particular service in designing 
compensation for Reynolds Number 
variation in flowmeters working in the 
lower turbulent ranges. 

Mention of the linearity of the coeffi- 
cient with 1/Ra appears in the descrip- 
tion of the analyses of the experimental 
data in the publications of the Joint 
Committee. Mr. Howard S. Bean clearly 
shows this condition in at least two of 
his articles: American Gas Association 
Monthly, July 1935, pages 259 et seq., 
and Pennsylvania State College Mining 
Industries Experimental Station Bulle- 
tin No. 20 (1936), pages 74 et seq. We 
regret that we were not aware of this 
work until some time after our paper 
went to press, for we would have pre- 
ferred to acknowledge it in our original 
paper. The persistence of this linearity 
in terms of 1/R, is most surprising, 
but it also is justified within the struc- 
ture of Buckingham’s empirical equa- 
tions. The decision to array the coeffi- 
cients against Ra in preference to the 
reciprocal as advocated by Mr. Bean 
was unquestionably made in good faith 
in the light of current theory; but it 
obscured a step of considerable eco- 
nomic value to the industry. 
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ORDER to border—coast to 
coast —wherever skilled tech- 
nical service may be needed, Jack 
& Heintz can be on the job in 
24 hours! Not satisfied with mass 
producing precision aircraft 
equipment for war, we have built 
up a corps of trained field experts 
to help with its installation and 
maintenance. 
Since Pearl Harbor, this group 
of nearly a hundred specialists has 


done yeoman duty in keeping ’em 
flying for victory. Because idle 
planes are as profitless in peace as 
they are useless in war, these men 
can be a tremendous asset to post- 
war commercial aviation. 

Remember, in future planning, 
that all Jack & Heintz products— 
instruments, starters, motors, gen- 
erators, magnetos—are backed by 
nationwide service ... in seven- 
league boots! 





rs of Bircraft engine starters, generators, gyro pilots, gyro flight instruments, magnetos, motors. 
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Automatic Electric Control of Engine Temperature 


by Cooling4lap Positioning 


By RUSSELL A. GUND, Industrial Control Engineering Div., General Electric Co., Schenectady, N. Y. 


ingly important as more complex, higher-speed 

airplanes have been designed. These automatic 
levices are especially important in military aircraft be 
cause the less attention the pilot and crew must give to 
he functional details of the 


A UTOMATIC CONTROLLERS have become increas- 





Since the flap position depends upon the temperature, it 

is apparent that the flaps are at the minimum required 

opening at all times, and thus produce a minimum drag. 

Engine life is also lengthened, because the temperature 

tends to stabilize as low as is possible for the engine power 
maintained. 














iirplane, the more attention 900 80+ The devices necessary for 
they can give to fighting, a 200- VU automatic temperature-con- 
ombing, photographing or e x a | trol of airplane’ engines 
* ys “en | ; ‘ ee fe - 
ther military missions. u475- 490 S704 | through cooling ae Pn 
: ee | i ‘ontrol are as follows: 
One of the airplane me- § x G | | tion control sisies 
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erable cooling flaps. These V425—~ ~ 250+ + the “brain” which commands 
= i.) o | the fi vctuator 
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— end _ ae ervag j 400- 840 Tr 5. A follow-up unit from which 
For maximum aircraft per- AN temperatures 80 /00 120 /40 (60 (80 flap position is transmitted to 
formance, these flaps should deg. Fahrenheit Element Res/sstance ~ Ohms the controller proper 


never project farther into 
the airstream than neces- 
ary. When the flaps are 
controlled manually, the pilot or flight engineer must con- 
tinually follow his temperature-indicating instruments and 
onstantly make corrections in flap position if the best per- 
formance is to be obtained from the airplane. With the auto- 
natic temperature control system described below, this is 
ione without any attention from the flight personnel. 


CLASSIFICATION AND COMPONENTS 


This automatic-control system belongs to the electrical 
class, as distinguished from the pneumatic, hydraulic and 
composite categories (but it may comprise a hydraulic 
ictuator as its final element). Its action is not on-and-off 
uut what we call “band-modulating temperature control.” 
Band modulating temperature control may be defined as 
that type of action which recalibrates the temperature- 
neasuring element as the flaps assume successive positions. 
The control starts to open the flaps at some predetermined 
temperature, then, at the highest allowable operating tem- 
perature, the flaps will be full open. The controller can 
stop the flaps at any position between “OPEN” and 
“CLOSED,” the position depending upon the temperature. 


Fig. 1. Temperature-resistance curves for engine-head, oil and 
carburetor-air temperature-measuring elements. 


(Units 4 and 5 are frequent- 
ly combined to conserve weight 
ind space.) 


PRINCIPLES OF OPERATION 

We may consider the temperature-measuring element to 
be a dial thermometer and the controller proper to be the 
flight engineer. The flight engineer watches the thermom- 
eter. If the engine temperature starts rising above a point 
which he considers proper for the power output of the 
engine, he will move the flaps toward “OPEN” until the 
engine reaches temperature equilibrium. Also, if the engine 
is running too cool, he will run the flaps in the “cLOsED” 
direction to raise the temperature. In other words, the 
flight engineer operates the flaps between full “cLosED” 
and full “OPEN” to try to keep the engine temperature 
within a maximum and a minimum temperature. The auto- 
matic controller does the same thing: When the tempera- 
ture rises above the minimum temperature, the primary- 
element’s signal starts unbalancing the controller. After a 
certain amount of unbalance, the controller commands 
the actuator to start opening the flaps. While the flaps are 
opening, a rheostat in the follow-up unit rebalances the 
controller and the flaps stop in a new position. If tempera- 
ture equilibrium is not obtained, the same procedure is fol- 
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IGMA SENSITIVE 
DOUBLE 
COIL RELAYS 


ve Open new possibilities 


in circuit functions 











f 
Fig. 2. Primary elements for: (A) oil, (B) carburetor-air and 
(C) engine-head service f 
° CASE 1 CASE 2 lowed until it is. The flaps will either open or clos: 
follow increasing or decreasing temperature. y. 
4 r 
DESCRIPTIONS AND FUNCTIONS OF COMPONENTS v 
Energized from Separate sources, coils may be The cockpit switch has an “OFF” pane and S40 P 
(ees _— , fs. ; MATIC” position; both positions are of the-maintaining-con ti 
Connected to produce aiding of Opposing forces tact type. It also has two “MANUAL OVERRIDE” positions t 
according to functional requirements, manually open and close the flaps for ground running o e 
emergency conditions. These are momentary contacts. 
IN CASE 1, above, sources A & B may be m The primary temperature-measuring element is made otf s 
sufficient power to operate the relay separately, a material having a high negative temperature coefficient of fj 
but simultaneous currents cause the relay to operate resistivity, that is: (1) the resistance of the element varies 
IN CASE 2 equal inputs from sources A & B inversely as the gpa ie and gl the material’s cha) C 
create opposing forces which balance and prevent acteristic curve 1S such that small changes in tempera c 
operation. However, a differential current of only ture are converted into large changes In resistance. 
a few milliwatts will cause positive relay action. “rate” or “response” of the elements is as high as that of f 
Each coil may be drawing power up to many the commonly-used thermocouple, or higher. Fig 1 show 
times that required to operate the relay without the relatively high percent change in resistance for a re! T 
seriously affecting its sensitivity to the differen- atively low change in temperature (within each type’ b 
tial current. Sigma Series 5 relays are regularly temperature span), evident in the temperature-versus-re 
furnished with two coil terminals on a 5-pin base sistance curves of the engine-head, oil and carburetor-a 
When three or four coil terminals are needed this elements. 
arrangement can be furnished in the F type with Fig. 2 shows the three tvpes of units. (Left to right: 
out cover or base or in the R type with rectangu 1ir and engine-head.) . _ 
lar cover and molded base carrying terminal lugs The oil unit is screwed into a fitting in the oil line. It 


and mounting ears. This permits mounting above 
deck and wiring below deck. 





In ordering relays for special applications, 
be sure to specify full operating characteris- 
tics, describing’ circuit details and surround- 
ing conditions as fully as possible 


. 


Our varied experience 
will help you choose 
the right relay for 
YOUR job. 


Joma Instruments, 1v¢. 
Cherrttive RELAYS 


60 CEYLON ST., BOSTON 21, MASS. 





ig . Two views of enclosed-type temperature controller. 
F 3. T f I 1-ty t t ntroller 
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D ONLY | GRINDER 


Maximum efficiency, minimum machinery! 





A successful midwestern manufacturer of Vernier 
Calipers, Height Gages and Squares uses only two 
pieces of machinery ...A DoALL Contour Machine 
to cut the shapes, a DoALL Grinder to finish the 
entire output! 


58 distinct grinding operations are required in the 
finishing of the 24" calipers alone; the DoALL Surface 
Grinder does them ALL with speed and utmost pre- 
cision, demonstrating again its remarkable versatility 
for all types of grinding. 


The lower illustration shows two dozen caliper jaws 
being ground at the same time. 


Write for literature which gives full specifications 


of the DoALL Grinder. 
1 IR AK BR ER STE GI A RE REN Ta NSN ARSE Me RICE IS OA RES AE kr SNK 


THE GRINDER WITH CREDENTIALS 


Each DoALL carries a Test Bar and Performance Tag giving 
the micro-inch finish the grinder produces. 






Contour Sawing Band Filer Super Grinding Wheels Dust 


- Collectors Vatiable Speed 
tip ‘ad and Pulleys 
Ne hen it * : 
ea 4 
ow Sy KG 
wig and ; SPEEQMASTER 


Soluble Oils Coolant Systems 














CONTINENTAL MACHINES, INC. 
1368 S. Washington Ave. * Minneapolis 4, Minn. 
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d, because BONDS 


Fig. 4. Polarized relay 


grounded electrically in the fitting and makes thermal ec: 


tact with the oil flowing by. 
The carburetor air unit is screwed into tl 


1e duct betwer 


the intercooler and the carburetor, and makes electri 
and thermal! contacts in the same manner as the oil unit 


The engine-head unit is inserted in a well 
cylinder head of the engine. It makes thern 


drilled into t 
ial contact 


is grounded electrically through the end point. 


The controller proper, Fig. 3, consists of 
sensitive polarized relay and power relays. The pow 


relays are used to start and stop the motor 


tion. They are of conventional design and need not be di 
cussed here. The polarized relay works in conjunction wit 


an extreme 


in either diré 


the temperature-measuring element and the follow-up rhe 


stat and controls the power relays. 


The polarized relay, Fig. 4, consists of a permanent ma 


net, two coils, and a balanced armature. Each coil has : 
inside and an outside winding: both inside 


connected in series and to terminals 4 and 


windings a 


5, while bot 


outside windings are connected in series and also to tern 


nals 4 and 6. The inside windings have twice as many 
turns as the outside windings, but both windings have equa 


resistance. The armature has a common 


connection 


terminal 7 which may contact either terminal 8 or 9. 


Fig. 5 shows an elementary diagram of the complete c 


O LSO OPEN 
' | |-—_— ae ARM 


——— 28.5 VOLTS D.C. —————> 
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sane BRAKE 
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b—————_>————__-ws —f4 
PLRC 
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PLRC CLOSE / “SOPEN 





FOLLOW-UP 





RHEOSTAT 


Fig. 5. Basic elementary diagram of automatic 
control circuit. 
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Rate-of-Climb Indicators 


—qa story of progress for over a quarter century 


1919 an instrument for measuring the rate of climb or 
scent of an aircraft was mounted on the panel of a 
S. Navy experimental plane at the Naval Aircraft Fac- 
Philadelphia. This early “‘thermos bottle-and- 
se’? was Pioneer’s—and the world’s—first Rate-of-Climb 
dicator, Type 132. 

foday the Pioneer Type 1636 Rate-of-Climb Indicator, 


dix and Pioneer ore trademarks of Bendix Aviation Corporation 


sensitively compensated for temperature and _ altitude 
changes, is specified as standard equipment for thousands 
of aircraft throughout the world. 

This record of progress in blind-flying and instrument- 
approach avigation is another example of Pioneer creative 
engineering, ceaselessly striving for maximum reliability, 


accuracy, and sensitivity. 


ECLIPSE-PIONEER DIVISION} AVIATION CORPORATION 
Cae y 


Teterboro, N. J. 
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CANNON CONNECTORS PERIOD OF FLAP OPEN 


OPERATION, RELAY 


—in the most amazing places! = BALANCING. —— 
; TEMPERATURE TEMPERATURE 
° ae RISING, RELAY . , RISING, RELAY 
+ }) UNBALANCING UNBALANCING | er 





= J | ‘\ 
rn oy od 
DROP-OUT FLUX 


L \ 


ae a i 
- | DROP-OUT FLUX fr 


PICK-UP FLUX — TEMPERATURE 
DECREASING ‘ 
RELAY UN- 


IC FLUX D 
FLUX LESS 
+ 












ANC = 
5 BALANCING PERIOD OF FLA 
© CLOSE OPERAT i 
a RELAY GING 
2 -BAL ING 
TIME one 
Fig 6 A zg istration of the olarized relay operating 
cuit. The inside windings are co PLRO and tl yuts 
vindings are PLRC 
Rockettes, world-tamed Referring to the above description of the relays, 
recision dancers of Radic PLRO has twice as many turns as coil PLRC. Therefo 
City Music Hall : : : . 
to balance the relay, the current through coil PLRC mt 
4 ee 1 1 1 *} ) 
They tap out precision through twice as great as the current through coil PLRO 
ther words, equal ampere-turns produces equal flux. ] 
CANNON CONNECTORS. 2% ths consition mast be met to balance the relays 
temperature-measuring element must have a resista 
; . : ’ equal to the resistance of coil PLRC plus twice the resis 
Che high fidelity sound system of Radio City Music ance of the follow-up rheostat. 
Hall—t Id’s I ; ; Inasmuch as the temperature-measuring element co 
i -_ ) < ye < : cite tyr!) + ‘ . } P 7 ] 
ii—the worids targest theater, 1s connected, trols the flap position, the excitation of coil PLRO is alwa 
; changed first and the relay returned to balance by corré 
throughout, with ¢ annon Connectors. Cannon Plugs ing the excitation of coil PLRC with the follow-up rhe 
stat. Fig 6 is a graphic presentation of the change in fl 
were selected for the job because they could be de- differential between coils PLRO and PLRC. Fig. 6 is pur 
; hypothetical and is only used to illustrate the relay ope 
pended upon. They fit with precision, hold tight and ating principle. Note that once the relay starts operatin 
it takes more differential to pick up the relay in tl 
ire designed especially for the job expected of them. ypposite direction. This tends to stop hunting due to tl 
follow-up rheostat overshooting. It is interesting to not 
You can say that about all Cannon Connectors that coil PLRO needs to be energized only eight-tenths of 
milliwatt more or less than its balancing excitation to ope 
[he same connector precision demanded in aircraft ate the relay. 
Figs. 7 and 8 are typical examples of follow-up unit 
instruments, in radio and television circuits, in tech- Fig. 7 shows the follow-up unit mounted on the actuato 
while Fig. 8 shows a follow-up transmitter which is ope: 
nical laboratory circuits, can be had in fas ated directly from the flaps. Both of these units incorp: 
MY af \—> rate a rheostat and limit switches. The rheostat contro \ i 
the circuits vou use. All you have to do is 4 the width of the temperature band in the manner prev 
: s } ously described. es 
is specify Cannon Plugs. _The follow-up rheostats should have a tapering effect mei 
; since a given flap change near the flap CLOSED positio dov 
produces more cooling effect than the same amount of fla . 
: a Saf 
change near the flap OPEN position. 
ino 
ope 
ing, 
Fig 7. Gear-motor complete swil 


with follow-up motor 





Fig. 8. Follow-up transmitter 


CANNON ELECTRIC 


Cannon Electric Development Co., Los Angeles 31, Calif. 





CANNON 


Canadian Factory and Engineering Office: 
ELECTRIC 


Cannon Electric Company, Limited, Toronto 





Representatives in Principal Cities Consult Your Local Telephone Book 
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A PLANT in California faces a shut-down for want of critical equipment made in 
= New Jersey. Figuring a loss of $1,500 for every day his plant is idle, the president | 
Wa} picks up a phone and orders the equipment sent Air Express, even though the 
sh shipment is sizeable. (When time means money, Air Express pays—always!) | 
rhe . li 
flu ; 
@ Range: Model 1 P-3 shown, 0- 
ur 10,000 v. D.C., 0-8,000 v. A.C. Model 
ope P-1, smaller, sloping panel, 0-4,000 
‘s v. D.C. P-2 has added 3,000 y. A.C, 
— outlet. i 
tl @ Continuously variable voltage over 
» tl entire range. 
of @ Operates directly from 110-130 y. , 
no 50/60 cycle A.C. line. Panel light in- 
of a dicates ‘“‘On.”’ 
opel a Breakdown indicated by red signal } 
} light. Built-in meter indicates direct- 
j reading voltage. 
inits } @ Uniform maximum current 5 milli- 
amperes on P-1, 50 milliamperes on j 
ato} P-3 over entire voltage range ; 
ope! . ene crackled-enamel metal : 
orp. i cabinet, 1 x. 21" x 28 i : THE Cost? Higher, yes. But by air, coast-to- WOULDN'T YOU pay more to save a whole lot 
trols \ — Te i Z coast delivery is made overnight — rather more? That’s why thousands of manufac- 
TeV than in 3 or more days by other means. turers use Air Express as amatter of routine. 
* Simple, positive, safe and quick Air Express cost, by the way,. includes Heavy or light, large or small, if shipment 
ffect means of testing voltage break- special pick-up and delivery. fits in a plane, it can go Air Express. 
sitio: down of materials or components. if ° L C a Hy a $ d 
flay | Safety switch makes power supply Specify Air Express —Low Cost tor High Spee 


25 lbs., for instance, travels more than 500 miles for $4.38, more than 1,000 miles for 
$8.75, more than 2,000 miles for $17.50, ata speed of three miles a minute—with cost 


‘inoperative if chassis cabinet is 
opened. To speed up production test- 
ing, with absolute safety, drawer- 
Pte switch test fixtures are available. 
Typically an “Industrial Instrument.” 


* Write for Bulletin... 


including special pick-up and delivery in all U.S. cities and principal towns. (Often 
same-day delivery between airport towns and cities.) Direct service to scores of foreign 


countries. Rapid air-rail service to 25,000 off-airline points in the United States. 


RESS 


GETS THERE FIRST 


WriteToday for’ Quizzical Quizz’’,abook- 
let packed with facts that will help you 
solve many a shipping problem. Railway 
Express Agency, Air Express Division, 
230 Park Avenue, New York 17. Or ask 
for it at any Airline or Express office. 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 





tter 





Industrial 
ee PLANT and OFFICES: 


eS 





17 POLLOCK AVENUE 


JERSEY CITY 5, N. J. 
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Solve Your Dynamics Measure- 
ment Problems with the 
New Trimount Carrier System! 































wi 
c.P.5- Ter The Trimount Carrier 
« Rimos! » tftett System is the latest and 
"ee over most versatile instrument 
0 Grerny in the field for static and 
pos compar’ dynamic measurements. 
“vonweo™ in Static and dynamic pres- 
‘ pplication sures in air foil testing, 
pimost Field and in all types of inter- 
jndustt nal combustion, Diesel 


and steam engines can 

be measured easily and accu- 

rately. Accelerations, strain, vibration, 
clearances 


angular position, torques, 


and velocities can also be 


dynamic travel, 
between moving parts, 


measured. 


The system is available in two series. One uses the 
modulated carrier wave principle, and the other em- 
ploys a discriminator circuit. Frequency ranges are as 
high as 10,000 C.P.S. Power supply and oscillator are 
small, compact and lightweight—in any number of 
channels desited. 


Any one of a number of different Trimount primary 
elements is used with the carrier system with suitable 
recording or indicating equipment. With a recording 
instrument, indicator cards can be run on internal com- 
bustion, steam and Diesel engines, pumps and com- 


pressors. Write for information. 


TRI _—, NT ELECTRONICS DIVISION 
wtewunent 


COMPANY. 


37 WEST VAN BUREN STREET ® CHICAGO 5, ILLINOIS | 
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PERCENT RESISTANCE 






































80 100 
PERCENT FLAP OPENING 


Fig. 9. Typical percent resistance vs. percent flap opening 
curves for gear driven and cam operated follow-up units. 


The rheostat in the follow-up unit, which is incorpo- 
rated with the actuator, has a tapered winding. The sepa- 
rately-mounted follow-up unit produces the taper by the 
cam action. Fig. 9 shows the ideal taper obtained from the 
cam and the compromise taper obtained by a tapered rheo- 
stat winding. 

Any conventional actuator can be used with this system 
so long as it can be stopped quickly. The system lends 
itself to either the motor-operated actuator or hydraulic- 
operated actuator. 


SYSTEM OPERATION 


Referring again to Fig. 5, when the medium to be cooled 
is at a low temperature, the flaps are closed. The follow-up 
rheostat then has full resistance in coil PLRC circuit. As 
the medium rises in temperature, the temperature-measur- 
ing element (7.S.E.) decreases in resistance until the ex 
citation of coil PLRO is greater than that of coil PLRC. 
This causes contact PLRO to close, exciting coil O. When 
coil O is energized, it closes contact O which energizes the 
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Fig. 10. Calculated envelopes of temperature vs. percent flap 
opening for engine head, oil, and carburetor air service. 
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Tuspection problems in the 
EXAMINATION OF 
INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 
a lens system. The angles of vision for 
different type visual systems are shown 
Borescopes range from .110” dia. x 334" 
long to .390” dia. x72”. Each instrument 
complete with conducting cord and spare 
lamp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 
current controller. 


Write for Sooklet 


Easily 


/ MCLIULY 
died" A 
_— “7 INDICATOR 


; 
e 


A reliable precision indica- 
tor especially designed for 
7 rapid, convenient and accur- 
ate measurement of internal 


Flexible ? 


diameters. 


Variations of as little as 0.00005” in size, out of 
round, and taper of bores can be quickly deter- 
mined. Hundreds are in daily use on production 
ines and in inspection departments on innumerable 
ipplications where close limits on size, roundness 
ind straightness of bore are of prime importance. 


[t can be set to any required size direct from 


Johansson Gage Blocks or Master Ring. 


Write for Literature 


SWEDISH GAGE CO.,OF AMERICA 


8900 ALPINE AVE.. DETROIT 4, MICH. 
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ath the WAPPLER INDUSTRIAL TELESCOPE 








A Trimount Original 


... Still Leading the Field | 


Mil Piste: eee 
solute Pressure Manometer 


Range: 40 to 100° 
Hg. Absolute 


Etched Aluminum 
Scales 


Bench Mounting 
Black Crackle Finish 
Steel Channels 


The Trimount Model 50 Abso- 
lute Pressure Manometer is one 
of many Trimount “firsts” in the 
manometer and electronic fields. 
Today it is still far ahead of 
competing makes. Here’s why: 


Plate Glass Protection Cover 
seals off dust and dirt, and pro- 
vides maximum instrument pro- 
tection. 


Locked Adjustment Type Scales 
calculated at 0° C. and corrected 
for a test temperature of 22° C. 
Calibration in inches and tenths, 
millimeters, thousands of feet 
altitude or pounds absolute. 


Direct Reading of both posi- 
tive and negative pressures. 


Only One Original Setting 
Required — an easy procedure 
accomplished by means of a 
locking adjustment screw. Mer- 
cury level in glass well visible 
for easy initial barometric pres- 
sure correction setting. 


Sealed Tube given special 
high voltage heat agitation 
treatment to drive out moisture 
and air bubbles before mercury 
is introduced. 


Write today for complete in- 
formation. 


TRIMOUNT 


f 
WICUONCHU 
COMPANY 


37 WEST VAN BUREN STREET ® CHICAGO 5, ILLINOIS 
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motor in the open direction. As the flaps are opened, t 
follow-up rheostat decreases in resistance until coil PLE 
is energized the same amount as coil PLRO. This caus 
contact PLRO to open, deenergizing coil O, and openi 
contact O. This deénergizes the motor and sets the se 
brake, thus stopping the flaps at an OPEN position. If 1 
medium to be cooled is not yet receiving enough cooling a 
the same procedure is followed. The flaps will stabilize 
some point wherever the cooling air is equal to the he 
release of the medium. 

If the medium drops in temperature, then the temps 
ture-measuring element increases in resistance until « 
PLRO is energized 011 PLRC. This causes ce 


tact PLRC to close, energizing coil C and causing conta 


/ 
/ 


{ to close, which energizes the motor in the CLOSE diré | 


+ 
oO} 


As the flaps are closed, the follow-up rheostat 








eases in resistance until the excitation of coil PLR¢( 
educed to equal that of coil PLRO. When the coils ; | | 
inced, contact PLRC opens, deenergizing coil C a | | 
ening contact C. Tl deenergizes the motor and sets t || 
S¢ es brake t stop the flaps at a further closed positi 
Limit switches LSO and LSC limit the flap travel i 
EN CT “ee 
Fig. 10 shows the various envelopes of temperatur 
versus-flap-opening f the engine head, oil, and carburet 
service. These curve are plotted assuming a 32-ol | 
fo V-up rheostat Toliowing the typical taper curve 
Fig. 9 and using primary element characteristic as sl 
Fig. 1 














* These 


direct reading gauges—either 


accurafe, compact, 


Cash for Shop Kinks 


on instrument testing, _ 
. c 
j= repair, installing, etc. 





as portable or permanent in- 


stallations — have a wide 





This is to remind our readers that Instruments pays 
$5 (or more*) for each shop kink or other time-saving 
and accuracy-promoting idea accepted for publication. 


application for measuring 


low range air and gas pres- 





sures The following rules must be observed: 

Tl 4 1. Type double-spaced on one side of paper. 
’ - % ~ ner sO ft F T- 9 } } : > 
hey are designed so Inat Ine Author’s name and address at top of first l 


mercury cannot be lost from page (envelopes get lost!) 


} } 1] 2. Diagrams must be in black ink (no blueprints) 
the gauge either through spilling or over- a8: if - : “ = in oie dsr. 2 pcs % 
~ 4 = zettering (il 101 LG Wi 114 OF macnine) nay 
pressuring. They are available in the 3” and oe COPD, ne Pe eee by raat 
3. Only professional-grade photos will be ac- 
e° ° — > s " > " . _ E . 3 t ‘ nape és = aa 
6” sizes to measure 22 oz. and 48 oz. respective- cepted (preferably 5 x 7 or 8 x 10 glossies). 
ly. Unit scale graduations are in ounces. Each 1. Each contribution to describe ONE method or | 4 
‘one ; : , :; levice. An author may send as many as he 
gauge is furnished complete with pet cock and k 3 a 'y send as many as h 
. A ‘ Kes 
necessary mercury. 5. Mail all entries to Shop Kinks Dep’t of Instru- 
. Te : . ments, 1121 Wolfendale St., Pittsburgh 12, Pa. 
Housings of the gauges are of cast semi-steel, + t 
. , Vive lollars is for textu entry rccepte i greater mini- 
accurately machined to insure leak-proof um is paid for accepted entries including drawings and 
yt raphs 


fitting of all component parts. The housing, 


66 99 
finished ‘in dull black baked enamel, protects Share Your Know-how 


on three sides the heavy walled Pyrex, cen- 








trally located tube. Write for Bulletin 3 con- 
ELECTRIC GAGING METHODS 


Continued from Page 151 

THE MERIAM INSTRUMENT CO In a device for measuring fluid pressure, two crysta 
. ° . . 

elements are placed in contact with a thin metallic ele 

trode between them, and this assembly is placed within 

metallic sleeve containing a diaphragm which receives tl! 


taining full details 


10958 Madison Ave. *® Cleveland, Ohio 


fluid pressure and transmits it to the crystal assemb); 
Such an assembly is shown in Fig. 118B. This method « 
construction combines several advantageous features. Pr 
tection from the chemical effects of the fluid is afforde: 
as well as some isolation from high gas temperatures whe 
the unit is used as an engine-indicator element. An initia 

polarizing force is applied to the crystals; thus the un 
MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT ==.) respond to low pressures. Since force is applied t 


| 


__OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES | the crystal elements at all times, rapidly changing pre 
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Do you want SIMPLICITY 


The STEINLITE 


IN MAKING } | One Minute 


Moisture Tests? 


Ease of operation is as much a feature of the Steinlite, One 





| | Minute Moisture Tester, as speed and accuracy. It is as easy to 
|| use as tuning a radio. No previous experience is needed to make 


| | fast, accurate tests. 


About all you do is weigh out a sample, pour it into hopper, 
press a button, compare the meter reading with a conversion 


chart, and you have the answer. Exact results can be obtained in 


one or two minutes... and that is a tremendous saving compared Th Riehallin: maenetin atk: he: alaahtedd tex 
i < . pedance principle . . . and is calibrated 
to 30 minutes or more required by old-fashioned methods. against the official method for each product. 


it is used on a great variety of products. 


OUR ENGINEERS WILL CHEERFULLY HELP YOU SOLVE YOUR MOISTURE TESTING PROBLEMS. 














| ‘som4| 644 BROOKS BUILDING 
| SFEET] AI Pirro | CHICAGO 6, ILLINOIS 





Fe QUIPMENT COMPANY ‘ovnere it) 








<——REMEMBER THIS NUMBER 


‘ THE NEXT TIME YOU NEED AN AIR OPERATED THROTTLING VALVE WITH THE 
FOLLOWING FEATURES. 


PRECISION SPRING 

YOKE COVER PLATES 

BODY BLOW DOWN PLUG 

V-PORT OR PARABOLIC DISC 

SUPPORTED MOLDED DIAPHRAGM 

CRADLE MOUNTED ADJUSTING SCREW 

EXTRA DEEP STWFFING BOX, LUBRICATED 

PRECISION GROUND SEAT RINGS AND DISC 
ACCURATELY CALIBRATED TRAVEL INDICATOR 
BALANCED FLOW BODY (REVERSIBLE IN THE FIELD) 
SELF ALIGNING THRUST BEARING (REDUCES FRICTION) 
SAFETY SHUT-OFF VALVE STANDARD ON LUBRICATING MEMBER 


SPECIFY TYPE 350 





REQUEST BULLETIN 350-E NEW YORK OFFICE: 225 BROADWAY, NEW YORK CITY 


nn H. BELFIELD nee al 


Since & 1836 
BROAD and HAMILTON STS., PHILADELPHIA 23, PA. 


DESIGNERS, ENGINEERS, MANUFACTURERS OF REGULATING VALVES, CONTROL VALVES & STEAM SPECIALTIES 
ame 
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Now available... an 


Oster Motor / 


thermostatically viieiial 


to prevent motor burnouts, and adjusted to open 
motor circuit in approximately one minute un- 
der locked rotor conditions at rated voltage .. . 


Here is another Oster motor with features that make it 
ideal for many applications in aircraft. The thermostatic 
control prolongs the life of the motor by preventing burn- 
outs. Its weight (11 ounces) and body size (12 x 3”) 
are reduced to a minimum without impairing efficiency. 
The performance record is backed by 16 years of engineer- 
ing experience in the fractional-horsepower field. 

You can depend on it to deliver creditable results that 
add to your own reputation for selecting sources wisely. 
... Let us help you fit this or other Oster motors to your 


requirements. Write for further details. 


BUY WAR BONDS 


John Oster 


Manufacturing Co. 


WISCONSIN 


DEPARTMENT N-23 RACINE 
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tter” - the crystal slices wi 
in the output. And sit 
the central ungrounded ele awaiie is insulated by the qua 
crystals themselves, the d-c. resistance may be kept hig 

the leakage low. It is not practicable to make the natu 


sures do not produce “cha 


consequential electrical disturbar 


frequency of the entire unit as high as that of the cryst 





achieve 


but it is not difficult to satisfactory results 
frequencies as high as 10,000 — per second. The 
frequency response is limited by the leakage of the p ‘ick 
and the characteristics of the amplifier used; special desig 
in resistance-coupled amplifiers provide good response do\ 
to as low as one cycle in four or five seconds. This range 
as wide as is needed for motor combustion studies.282, ° 
Quartz crystals in this application can safely withsta 
mechanical loads as high as 40,000 lbs./in.?, although be 
| operation is obtained if this working limit is not approaches 
With crystal elements having areas of about one-fift 
square inch, the total force which can be accommodated 
about 8,000 lbs., but it is desirable to apply no more thi 
| Some 2,000 Ibs. For measurement of low pressures, a ‘“m 
{chanical amplifier” can be incorporated into the device: 
|diaphragm having a greater area can be installed. 
Any unit so constructed, however, inevitably is subje 
| to errors caused by vibration: the forces caused by accelera 
tions acting directly on the crystals will produce electr 
| charges in the same manner as the forces which ar 
| deliberately introduced. The construction shown in Fig 
|118B minimizes this danger, since two crystal elements ari 
| used, so arranged that acceleration forces applied equal! 
will tend to produce charges on the electrodes 


l 


ito both 
|opposite polarities and therefore balancing each other. 

anh better method is the installation of two similar crys 
| tal assemblies, 


i'the two can be combined to 


in carefully damped mounts. 265 
ito heat and other disturbing factors, is relatively insens 
| tive. In order to increase this sensitivity, some pick-uy 
|employ a number of crystal elements arranged both mechar 
|ically and electrically in series. Since the potential produc« 
| by a piezoelectric crystal is directly proportional to tl 
force—not the pressure per square inch, but the total forc 
| —applied to that crystal, an obvious method of increasin 
| the potential ouftput is through the use of several crystal: 
|If they are connected in series electrically, their outm 
| potentials will be additive, while if they are arranged 
| series mechanically (in a stack or pile) the same forcé 
| will act on all elements alike. By this means the voltag 
| output of the device can be increased from the usual valu 
of about 0.0003 volt per pound for the single-crystal un 
to a value several times as high.266 This increase in pote: 
| tial output, however, is obtained at the expense of increa: 
ing the impedance of the unit by several hundred percen 
{from an already-too-high value. 

The mode of assembly for such a pick-up is indicated 


| (262) S. Kluge and H. J. Linckh. Piezoelektrischer Indikati 


j}fuer schnellaufende ae Res Zeitschrift des Verei 
Deutsches Ingenieure, Vol. 1930, pages 887-889. 

(263) H. J. Se hrader. Cathotete Engine-pressure Measurir 
Equipment. RCA Review, Vol. 2, 1937, pages 202-212. 

(264) F. Postlethwaite. Measurement of Detonation. Aircra/ 
| Engineering, Vol. 10, 1938, pages 201-205, 211. 

(265) W. Gohlke. Piezoelectric Pressure Recorders of High Nat 
ural Frequency. (Translation) Journal of the Royal Aeronautica 
Society, Vol. 47, October 1943, pages 555-557. 
| (266) Anonymous. eo Combustion Engine Analysis. Ble« 


| tronic Industries, Vol. 2, June 1943, pages 64-65. 


one subjected to the diaphragm pressure, 
|and both equally subjected to vibration.264 The outputs of 
balance out the acceleration 
potentials, or can be recorded separately. Or such spurious 
| responses can be reduced by placing the crystal element: 


Quartz, however, while mechanically strong, and resistant 
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oe — . = LOW RESISTANCE 
—— MEASUREMENTS 


accurate ‘‘Go, No-Go”’ low resistance 
measurements? The Shallcross Portable 
Low-Resistance Test Sets are ideal for mak- 
ing rapid measurements in bond testing, 
switch and relay contact resistance testing, 
bar-to-bar commutator readings, etc. Write 


for Bulletin LRT. 


ts for \ Se SHALLCROSS PORTABLE 
e l ee TYPE 645 FOR FIELD 
ick = ; INSPECTION WORK 
esip 








eo ak HIGH-VOLTAGE 
62, 2 
4 Clare Type ‘‘K” Relay, originally de- MEASUREM ENT 
nsta signed for aircraft use, has special 
ih S a ce . , « ~ € 
h best advantages for applications requiring PROBLEMS SOLVED 

























ache extremely small size, light weight and Shallcross Portable Kilovoltmeters, Kilovolt-“ 
e-fift a Greggs vibration. Arma- meter Multipliers (for use with external re 
ited is ee _ 4 Se — reed Miia meters) and Corona Protected Resistors (for TYPES UP TO 30 
> thi “scene a re nr eee voltages up to 200 KV) comprise a complete line of high- KV AVAILABLE 

ta eryllium copper which is practically , : O ae 
- fatigueless—no anti-vibration springs vo tage measuring apparatus. Ver & perce GF year te) 
ice: a necessary. Short contact springs are Shallcross engineers have pioneered in the field of modern RAPID DELIVERY! 

vibration-resistant. Overall dimen- high-voltage measurements. They will welcome an 

ubject sions are 1}4"x14"x1-13/16"; weight, a. opportunity to put their experience 
elera approximately 1% ounces. Like all Mere = to work on your problem. 
lectr Clare Relays, Type ““K” can be “‘cus- ef mf a ~~ 
Las tom-built” to meet unusual require- e Rn i / "a 

og ments. These five features are good es hy 4° y/ 
| Fig reasons for specifying Clare Type ““K”’ e Fe Se {" PS hee, | 
ts ar Relays in your instrument applica- | 
qually tions: ' 
les ONE BRIDGE THAT | 
er. 3 DOES THE WORK OF TWO } 
ssure, Combining both Kelvin and Wheatstone 
uts of bridges, this popular Shallcross instrument 

tion ‘ provides a resistance measurement range 
ann Nickel silver TYPE 638-2 | 
arious ‘Armature assem 2. Ban oe Svhich COR from 0.0001 to 11.11 megohms in a single | 
ments ¥ single or double SPUns silver yin Mtoe 8 portable instrument. Just the thing for maintenance, pro- 

posh ee —e palladivm, veer AND WHEATSTONE duction line tests, field investi- | 

istant a residual as ati patented proces. BRIDGE gations, school and laboratory x 
sens work, etc. a | 
*k-uy | 
char 
duce 
o th 

forces 
asins ; 4. Strong, hard, Jone ACCURATE Vo LTAGE 

als 3. Hingeof fatigue” earing bake’ 
less" beryllium tre bushing insvoerend D i V H D E ra S 
utp. insures ist vi A 

per in - $ts pres — f 

ed i and accutane - — conte Shallcross Voltage Dividers (Decade Potentio- 
forces ane on meters) are available in a wide range of total 
tag resistance and voltage increments. Many special units v 
valu regularly produced for special applications. Write for TYPE NO. 845 

unit latest data bulletins on any Shallcross instrument type. POPULAR 
ote! 3-DECADE UNIT 

_ y of the 
rea: ° an be supplied in wes f them. 
rcen -d — set a any combination © 
2 


4 
ed et Clare engineers “custom- build” a relay 
O your requirements. Write for catalog 
kat ind data book. C. P. Clare and Co., 4719 
Jerei sunnyside Ave., Chicago 30, re 
Illinois. Sales engineers in all yam 


surin rey cities. Cable address: p= r 
ARELAY. \ MANUFACTURING COMPANY 


rcraf g 
vx | CLARE RELAYS DEPT. IS-35, COLLINGDALE, PA. 
Ele« for Electrical, Electronic and Industrial Use ENGINEERING «© DESIGNING -« MANUFACTURING 
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Rugged construction, 
high torque move- 
ment, and watertight, 
dust-tight, fume- 
proof mounting pro- 
vide for consistent 
accuracy in these 
Alnor distant reading 
electric thermometers. Installation is simple, 
and thermo-bulbs may be located wherever nec- 
essary up to a maximum of 1000 feet from the 
indicating instrument. The complete range of 
types includes single and multi-point thermom- 
eters, up to 14 points, both switchboard and 
portable types. 

Ten types of thermo-bulbs are available for use 
with Alnor thermometers, for use indoors or out, 
under pressure, in rnoving air, for use in liquids, 
bins or tanks, and for laboratory use. Write for 
bulletins with complete data. 


ILLINOIS TESTING LABORATORIES, INC. 


420 NORTH LA SALLE STREET 
CHICAGO 10, ILLINOIS 
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ELECTRIC CONTROL DEVICES SINCE 1892 


Fig. 119. The individual crystal elements are usually ¢ 
quite thin, thus lowering the impedance of the unit. T} 
mechanical strength of such a device is rather high, b 
because of the danger of breaking crystal elements, loa 
higher than perhaps 2,000 pounds (for the average pick-\ 
having a crystal area of about 1/5 square inch) should 
avoided. Such thin crystals, unless perfectly seated, a 


easily broken. 
































Multi-element crystal pick-ups have been satisfactor 
employed in the measurement of breech pressures in lar; 
bore artillery, and in recording low-frequency accele1 
tions.267, 268 In both applications, extreme low-frequer 
response is desirable, and direct-coupled amplifiers are oft 
used. High gain is not easily obtained in such amplifie 
so that the higher voltage output of the multi-crystal e 
ment is advantageous. 

The quartz piezoelectric crystal in the simple mechanic 
arrangement of Fig. 116A and Fig. 118 has been applied 
1 remarkable variety of measurements. In measuremer! 


f the tensile strength of thin fibers, loads (applied 


electric solenoids) were measured by means of piezoelectric 


elements and electrometer circuits.-°" The steam pressu 
n locomotive cylinders, the sideward forces acting on tl 
ails, and the various motions and forces acting in hig 
speed railway equipment have been recorded by such pic 
up devices.279 Vibrations caused by traffic,-*! by hea 
machinery and impact shocks as severe as 5,000 tims 
normal gravity have been measured by portable piezoel 
tric measuring instruments. =‘ 

It has been the practice to employ quartz crystals f 
mechanical 
eration or large forces were present, since the much lows 
mechanical strength of the next most common materia 


measurements where either high rates of aces 


Rochelle salt, discourages it 
cumstances. But its much higher sensitivity (more tha 
1 thousand times that of quartz) makes it uniquely fitte 


s application under such cir 


to certain uses. 

The use of the Rochelle-salt crystal pick-up in the Brus 
Surface Analyzer, for surveying a machined surface a1 
recording its contours greatly magnified, is so well-know 
as to require no detailed description. This instrument en 
ploys a bimorph crystal as the primary element, and anothe 
as the pen-drive in an ink-writing oscillograph. 

tochelle-salt piezoelectric elements—usually of tl 
“bender” type, upon which sound waves impinge directly 
have sufficient sensitivity to be used as acoustic measuri! 
levices with portable amplifiers. Vibration pick-ups, inco 
rating “twister” elements inertia-coupled to the surfac 
or machine under test, are in common use.259 These ir 
struments can measure vibration amplitudes as low 
0.001”, frequencies as low as 10 cycles per second, and m: 
be fitted with integrating or differentiating circuits. 

The high intrinsic sensitivity of the Rochelle salt cryst 
element makes its use desirable in some biological a1 
‘hysiological applications. Piezoelectric stethophones a1 
of great value in electrocardiography and in medical 


2 } H. Ker 4. H. Hod 1 f the Piezoelect 
t Measut I ler | ir ] n ns, A 
n Societ Vec} ] é Vol 1929 ¢ 7 
68) I Hackr Y fuil I inigul 1 
t hen \ lahrt h de Deu I fah 
S 1938, 1 I ( 
69) I ‘idl. | I r Zi 
t vor nnen M ( iQ zf r 8 
rhuUSs k, Vol 75, 1932 Les ) ’ 
(270) M. Mauzin. Applications d néthodes lectriqu 
canique idustriell: Me | léplacemer l t 
élérations. Mécanique, Vol. 23, January-February 1939, p 
(271) I. Risch. Messungen von Verkehrschuetterungen Ve 
cehrsteknik, Vol. 46, No. 40, 1929, pages 707-710. 
(272) R. O. Fehr. Quartz-Crystal Accelerometer. General 1} 
tric Review. Vol. 45, 1942, pages 269-272 
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anic al Stewart-Warne: Corporation plant 
lied Elgin Sapphire Plug Gages have outwort 
sani steel more than 550 to 1 and the gages 
, are still in use as this goes to press 
e¢ On forged steel parts, s ipphire gages 
lectric § (“Sly ME OY Shy i have delivered more than 170,000 gagings 
eSSU me co if without a sign of wear while hi-speed 
mm ti oe : Rin ‘ steel gages, formerly used on comparable 
hig ee *m # ” parts, averaged only 300 gagings before 
pie Write for catalogue and complete information... to they were worn beyond the lower toler 
hear (2 kee weet ee ance limit which was .0002” below the 
tim: ¥ a ASHLAND: MASS. oe a | 
ae > Elgin Sapphire Plug Gages will not rust I 
Foe | . . . 
burr or become distorted with use. Not 
; affected by common acids, the gaging 
Is fe members of Elgin Sapphire approach dia 
aces mond hardness and have correspondingly 
lowe , 
bist Deliveries within 
eria 2 weeks 
h cir 
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great wear resistance. No wear allowance 
, is necessary; manufacturing tolerances are 
at ; os / open! j 
tha! <i ai ; f THESE 81 Write for information. Elgin Plug Gages 
fitte ss at? re [ are available in sizes from 040” to 400” 
et _ - { and with tolerances as fine as .00002”. 
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e al on \ 
<rLoOW Me ; 
it en 
nothe 
th 
etl, j 
surin 
ine 
irfac 
se YT 
sie a” -—make 120,000 
i ma % L 
of the most accurate* 
1 e 
yst Tools in the World! 
= (at a cost of about 214 mills per tool) ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVANTAGES 
al , 
' : ; for the following types of equipment: Ring Gages « Bearings « 
1 j With the popular No. 1 Set of 81 The cost of replacing any blocks ; 9 "YP ; q es 9 bs 
locks, as illustrated, any one of that might be thus unduly worn Thread Guides » Extrusion Dies » Gages * Knife Edges * Spray 
nts 120,000 different size gages may be — be — by comparison Nozzles « Diesel Injector Nozzles * Soft Wire Dies « Phonograph 
made up (in a few moments), in Anyone who must measure pre : ave 
2 teps of .0001” from minimum size cisely andeasily and quickly, canand Needles + Cutting Tools for soft metals * Burnishing Tools for 
1 cde 200” to more than 12 inches will do a better job if he has ready soft metals « Pressure Vessel Windows « Electrical Insulators « 
tfah On a strict cost basis, it is thor- access to a set of Jo-Blocks. Write . 
. agi < - Watch tals * H t , 
vuughly practical to extend the for Catalog 16 to FORD MOTOR atch Crystals oning Stones 
benefits of Jo-Block precision well COMPANY, Johansson Division, America’s b ; : : 
J erica’s best equipped sapphire fabricator 
beyond your master-gage depart- Dept. 11, Dearborn, Michigan. qv'pP PP 
ment and your tool-room, to include *Currently manufactured to accuracy stand 
inspection of close-limits production ardsof ~ .000004 and .000008 of aninch b L G I N N A T i Oo N A L 
as well. This is particularly true 
f those limited-quantity jobs , Sire ) WA C Mi Oo 
which might be described as ‘ . T C M P A N Y 
‘custom-production,” for which ‘ ns 
permanent gaging could easily O & Nn © nN SAPPHIRE PRODUCTS DIVISION 
cost more than the job itself. be ae 
GAGE BLOCKS 2 932 Benton Street, Aurora, Illinois, U. S. A. oe 
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INSTRUMENT-LATHE CROSS-SLIDE 





, take-up gibs 


hand lever and adapt 
; 4 + bits 
$ ve 3 nd 
k wide en sh + 3 
ke ex n Jers for ste * 
e + n 


Price $85. Immediate delivery 


New ross-slide will fit all standard instrument and watch 
mak sthes %- + tion mply rigid to a w heavy 
ts 3 | t w x 


The Maxwell Smith Co. tor .tsticroe cai 














UNIFORM MASS PRODUCTION 


Because of ACCURATE Temperature Control 








N many industries involving high temperature or pH control, mess 
uction is no obstacle to UNIFORMITY. Potentiometers, provid 
ing AUTOMATIC controi within close limits, have made this possible 


For 26 years “the heart” of most potentiometers has been the Eplab 








: ' roltaqqe 
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d cells are EPLA 


THE EPPLEY LABORATORY, INC. 
SCIENTIFIC INSTRUMENTS 
NEWPORT, RHODE ISLAND, US A 


EPLAB 5220 CELLS (0) 
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struction. kor military (and other) surgery, piezoelectr 
elements may be attached to probes and scalpels, increasi1 
the delicacy of the surgeons’ touch by many times.?73 Loc 
tion of foreign bodies is greatly facilitated by such a devic: 
and it is even possible to detect changes in texture of fle 
being cut by the surgeon. Sensitive pick-ups employi: 


g 
crystal elements have also been employed in recordit 
pulse-beats and the turbulent flow of blood:and ot} 
fluids ‘ 


Rochelle salt crystals, although not crystallographica 
suitable for direct exposure to hydrostatic pressure, ha 
been employed in sensitive differential-pressureé flow-meté 
nye aevice S.- 7A 

In the last few years the application of the piezoelectr 
crystal as a driving or motor element for oscillographic u 
has become well established. Because of its high outp 
and low cost, the Rochelle salt crystal has been almost « 
clusively used in these devices. Composite crystal element 
either “twister” or “bender” bimorph elements259, 276 or tl 
more recently announced “Monobar” crystal are used. Mult 
plying levers amplify the relatively small motion of tl 
crystal to as much as 1%” amplitude, and operation 
satisfactory up to 125 cycles per second. 

In another type of testing, the reversible characterist 
of the piezoelectric crystal makes possible a most powerft 
method for measuring distances within solids or liquids b 
means of ultrasonic radiation. The method is not a new one 
but the constantly-growing needs of industry have caused 
to be revived and expanded. The first applications of the prin 
ciple were in subaqueous signalling and surveying; ?77 27 
me of the first practical devices for such use was thé 
Langevin-Florisson transmitter-receiver. This device em 
ployed a mosaic of quartz crystals sandwiched betwee 
steel plates; it was capable of handling a considerabi« 
amount of acoustic energy at a frequency of 38,000 cycles 
per second. The same device was employed as a transmitter 
and a receiver for the reflected wave; in use a pulse o1 
short heavily-damped wave-train was sent out, and the dis 
tance to the sea-bottom was measured by measuring the 
time required for the reflected wave to return.’ 


true 


This principle, on a greatly reduced mechanical scale 
has been applied to the detection of voids and cleavages ir 
plate and sheet material,279 to the measurement of thick 
ness of plates,28° and to the detection of faults, cracks, and 


9 


fractures, 281, 282, 283 Three general methods of attack are 

(273) V. A. Ostroumov and V. N. Lepeshinskaya. Piezoelectric 
Surgical Probe. Comptes Rendus (Doklady) de VAcadémie dee 
Sciences de VURSS, Vol. 38, 1943, pages 82-84. 

(274) R. W. Tibbetts. Rochelle Salt Crystal Devices of Low 
Impedance, Electronics, Vol. 16, April 1943, pages 88-90, 116, 118 

(275) S. R. Beitler, E. J. Lindahl and H. B. McNichols. Develop 
ments in the Measuring of Pulsating Flows with Inferential Head 
Meters. Transactions, American Society of Mechanical Engineers 
Vol. 65, 1943, pages 353-357. 

(276) F. Offner and R. W. Girard. A High-speed Crystal Ink 
writer. Science, Vol. 84, 1936, pages 209-210. 

(277) J. J. Thomson. Piezoelectricity and Its Applications. En 

ring (London) 1. 107, 1919, pages 543-544. 

278) Ludwig Bergmann. Ultrasonics. John Wiley and Sons 
ew York, 1939. 264 pages 

(279) A. Trost. Nachweis von Werkstofftrennungen im Blecher 
nit Ultraschall. Zeitschrift des Verein Deutsches Ingenieure, Vol 
87, 1943, pages 352-354 

(280) W. S. Erwin. Supersonic Measurement of Metal Thickness 
Iron Age, Nov. 9, 1944, pages 59-61 

(281) F. A. Firestone. The Supersonic Reflectoscope: An In 
strument for Inspecting the Interior of Metal Parts by Means of 
Sound Waves Proceedinas of National Electronics Conference 
1944. (Now in press.) 

(282) C. M. Cosman. Ultrasoni: New Testing Tool. Iron Age 
May 15, 1941, pages 48-50 

(283) Anon. Sheet Fractures Detected with Supersonics. Iror 
4qge, June 8, 1944, pages 69-61 


d= f 





*iprror’s Note.—Mr. Roberts is justified in including detatls 
of echo-ranging methods although most engineers consider ech¢ 
ranging too inaccurate to come under the head of “gaging.’”’Accur 
ate echo-ranging measurements are already being obtained in 
seophysical prospecting. Ultrasonic echo-ranging provides bats 
with a substitute for sight in total darkness, enabling them ir 
laboratory tests to fly through mazes of thin wires requiring 4 
number! of distances to be measured almost simultaneously. Ultra 
onic echo-ranging methods are theoretically capable of extreme 
accuracy and they have a promising future because they are non 
destructive. The attainment of high accuracy will require appro 
priate instruments. The essential features of such instruments ar* 
military secrets (being utilized in Radar and ‘Mickey’”’) but wil 
probably be easily adaptable to gaging when made public—_MFB 
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POURING OUT | 
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Do you know the CO. content of your 
flues? Do you know the facts about draft? 
Why not find out? That's easy with a 
Hays Combustion Test Set—it tells you 
the whole story in a jiffy; may easily 
save many times its modest cost by 
immediate fuel sav- 
ings and vastly in- 
creased efficiency. 
It’s a practical com- 
bination of the Hays 
Gas Analyzer—the 
fastest known—and 
the Hays Pointer 
Draft Gage — the 
pioneer dry type 
gage. 

























Send tor the new booklet, 
“The ABC of CO.’’—costs 
nothing, worth reading. 


COMBUSTION 
INSTRUMENTS MICHIGAN CITY. INDIANA, USA 


AND CONTROL 


NORTON PORTABLE 
AMMETERS—VOLTMETERS 





Reliable, sturdy, portable Ammeters and Voltmeters for 
testing purposes. These instruments are built to maintain 
accuracy under hard usage in aviation, marine, and indus- 
trial service, power plants, and electrical repair work. 
Hand calibrated, hand drawn dials assure accuracy at 
every part of the scale. Supplied with knife-edge pointer 
and mirror reflector for quick, accurate reading. 

SEND FOR COMPLETE CATALOG 


NORTON Electrical Instrument Co. 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 





VALPEY 














CRYSTAL 
CORPORATION 


bie 














QUARTZ 
OPTICAL SPECIALTIES 


Supplying the Armed Forces is our job. The follow- 
ing improved high-quality products are available 
for advanced delivery dates to the instrument man- 
ufacturer, to help facilitate this war effort. 





@ Babinet Compensators: the device to be used 
in measuring the quantity and quality of strain 
in glass and for measuring types of polarized 
light. 


@ Retardation Plates: thin quartz plates for pro- 
ducing phase differences of the various wave 
lengths of light. 


@ Polished Crystals: special quartz crystals for 


supersonic applications. 


@ Bertrand Plate: a split phase quartz plate for 
more accurate determination of plane of the 
optical axis and the x-axis than can be accom- 


plished with a single polariscope. 


Look ahead ... but look to VALPEY for 


crystals and specialties in quartz fabrication. 








See us first when problems arise in the use of quartz. Our facilities, 
geared to war, will be equally well geared for peace. Our business 


is to apply the correct solution to your problem . . just send us 


specifications and requirements. 
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< TEMPERATURE 
FLUCTUATIONS 
Costing you 


MONEY... ? 





2dness f H-B Therr tot 
and Red Top Thermo-regulators (adjustable 
thermostats They know they can count or 
H-B Instruments to eliminate aquesswork 
nd aid in increasinc 
production. Ranges 





>f application are from minus 30 to plus 
35 F. Temperatures can be maintained 
with these instruments to an accuracy of 

fraction of a degree. Many shapes and 
sizes now available on short order—single 


units, or in quantity lots. Time to get your 





production operating temperature-perfect 
is now. Request bulletin 4-759 telling how 
H-B Instrument Company, 2525 No. Broad 
Street, Philadelphia 32, Pa. 


OOUBLE 





THERMOMETERS + THERMOSTATS «+ RELAYS 
THERMO-REGULATORS + HYDROMETERS 


ONE CENTRAL Males of FOR 





Leading 


RESISTORS g RHEOSTATS 


OHMITE 
IRC 
MALLORY 
CENTRALAB 
SPRAGUE 
and others 


STOCKS ON HAND FOR 


Immediate Deliuery 


ll the well known makes are concen- Helpful 

trated here ander one roof. In stock BEV AGL Te 

are fixed, adjustable, precision resis- HQ U+y3 
tors—rheostats—potentiometers—volume BSiitG 
controls—for all kinds of applications. 
Write, wire or phone HAY market 6800. 


on Request 
Write for it! 


Everything in Radio and Electronics 
ALLIED RADIO CORP. 


833 W. Jackson Bivd., Dept. 28-C-5, Chicago 7 








USE one 18 ne piacement I a sound source Or 


f the specimen and a sound detector on the other: 
eavage or vo irger th the ive-length of the si 
f T if creel the aetecto cast 1 6a] 1 
{ | 1 r |: y ?() Che 
‘a 
{ 
} a * 
ae 
.- \ 
4 we | | a, 
employs resonant vibrations: a continuously-variable os« 
lator is mechanically coupled to the specimen throug! 
crystal driving element. The frequency is varied unt 


resonance occurs (indicated by a change in the rate 


energy transfer) at which time the thickness of the meta 


is known to be an integral multiple of the wave-lengt 
in use. In Fig. 122 one possible arrangement is indicate 
the wave-pattern drawn there represents that occurri! 
when the plate thickness equals one-half the wave-lengt 





In any of these methods, experimental difficulty may b 


expected. The frequencies used must be high (100 kil 


cycles to several megacycles, depending upon the applica 
ion) since the wave-length must always be smaller tha 


the least dimension of the flaw being sought for, or smallé 
than twice the plate thickness. Some means must be en 
ployed to insure good acoustic transfer of the sonic eners 


to the specimen; either a layer of oil or a flowing fil: 


of water is ordinarily used. Since any interface between ti 
media of different sound-velocities will produce a reflecti« 
spurious responses are numerous and annoying. Yet, pro} 
erly applied, the principle is capable of most excellet 
results. 

Other miscellaneous applications for 
ments include the measurement of time, frequency, etc., a 
the application of supersonic energy to flocculation a 
defiocculation of suspended materials. There are ma 
other chemical and biological applications, but they can 


piezoelectric elt 


be described as gaging or measuring methods, and will 1 
pe discussed. 


§ 3. ELECTRIC CIRCUITS. 

The piezoelectric primary element, like some of those } 
viously deseribed, is a generator electric potential, a? 
as such is always used with an amplifying system. 

The potential output of a esstheovi crystal is of the order 
0.03 volt per thousand pounds of force applied; this val 
does not depend upon the area of the crystal element 
a matter of fact quartz crystals can often be used with sa 
sfactory results in measuring devices even after they ha 
to two or more pieces. The potential outp 
of a crystal of Rochelle salt is about a thousand times 
great; that is, an output of 0.03 volt can be produced wit 
only a pound or so of force. Obviously the amplification r¢ 
quired for guartz-crystal primary elements is far greaté 


been broken in 
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IR COMPLETE SETS 
0, 12 or 19 gages 


Speed your inspection 


with ATLANTIC 
Adjustable Limit 


SNAP GAGES 


instant inspection with minimum dependence 


on operator’s skill. The untrained operator 


quickly learns how to check dimensions on 





finished work by the fast, accurate ‘‘go’’ and 





no-go’’ method Te See Here’s a notable development 
Frames of Meehanite for unchanging rigid ’ automatic elec 


ity. Gaging buttons lapped to parallelism with ides several distinct engineering 
udes several distin gineering 


extreme accuracy. Gages shipped unsealed j ' 
ts i operating improvements 
nd unset, or set to specified size. Two types : 


Type A, as above, and Type C with solid anvil 


ENGINEERING FEATURES 








Special anvils, quotation on request. Imme 
diate delivery The setting knob i i 
SET No. 1—Six qages, Type A—O to 3 ] ect] nnected thru the 
$34.83 switcl perating i nit 
SET No. 2—Ten gages, Type A—O to 6 does NOT set thru a clutcl 
$66.15 is provides { tive t 
SET No. 3—Twelve gages, Type C 0 to tj 
36’ —$82.51 
SET No. 4—Nineteen gages, Type C—O to 2 All ¢ opi ; 
5" $146.77 perate vitch itself 1 
Atlantic Adjustable Limit Snap Gages are built by manually setting 
nade with all care to sustain the quality repu I : Mot “ne che 
tation held by Scherr products for the past meat ed of all dt 
quarter-century. Descriptive bulletin on re ' 
quest, or order direct 3 te i 7 . ae | 
GAGE BLOCKS? Write for details on our Ultra Di flew awcteie 
Chex Gage Blocks, g ving 80,000 combinations in ae iat Next ion ‘ 
steps of 1,/10,000. Price $125.00 ae nes a a 
} | 


4 Only 2 exposed gears 1} 
y tor pinion and wheel 


} 
| 
Precision hobbed 


Motor—self starting, slov ' 
5 speed, industrial type syr 


ironous, completely sealed 


) 199-A LAFAYETTE STREET 
of INC. NEW vYorK 12, N.Y. 


1 


clock motor to trip switch 


4 No energy is required of 





at end of preset time. 


7 Nine time ranges from 0 
‘ 


o 14', seconds through 





0 to 9'4 hours. Available in 
all types of enclosures 


All parts rust proofed and 
I I 

i protected against corro 
sion. 











er PAREN 78 


2500 Series 2500 Series NUMEROUS APPLICATIONS 


Enclosed type Side view 


A hbé Cn the p Mounts on handy boxes Adaptable to any manually 
preset application with auto 

matic switch operation at end of time cycle, such as plastic molding, 

rubber curing, batch mixing, heat treating, enamel baking, liquid 

agitation, light exposure—photographic, therapeutic, blue printing, 

infra-red drying,—blower operation, pump operation, conveyor 


that’s what they say about operation and food processing. 


R PRECISION BUILT: This and every other Paragon unit is precision 
built, simple, accurate, reliable, modern and reasonably priced. Made 


by an organization of designers and engineers, growing since 1905 





t when 


yu always know just what a machine is turning out whe 


1ere’s a Productimeter attached to it; to count revolutions per SEND FOR BULLETIN. .. containing complete construction and 
inute, pieces or parts, lineal feet or yards. No guesswork nstallation data. 
bout it... the exact figures are registered right there on the 


r oductimeter ... figures “that give you a basis for estimating PARAG O N ELE Cc TRI Cc Cc O M PANY 


roduction control . . . time study costs . Maintenance and 
rvicing of machines 726 OLD COLONY BUILDING ® CHICAGO 5, ILL. 


Take the first step to find out what Pro 
ductimeters can do for you write for 


<ont MFG BULLETIN NO. 100 
Ye a concise, ready reference cat- ara OTF e 
PRODUCTIMETERS alog of 100 standard models. 0 


THE SPEEDOMETERS | oF INDUST RY } 
—s 


4 
AWAY 1914 N. Buffum Street | 194 Eddy Street 


Milwaukee, Wis. Providence, R. I 


BUILDERS OF ELECTRICAL EQUIPMENT .... SINCE 1905 
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A How to 


eal A E98 FIGHT “BULLS” 


. A that come from 
careless counting 




















relies on miscounts and 


Where production charge in and 


ound to 
gongs hanes _.. until mistakes are 
saa eo b up-to-the-minute operating 
oe my a ef r ns sduction machines and 
ane eas Soule: Root Counti ng Devices ..- 
shortages and over-run . improve 
rdination uuelt inal as- 
ork count 0 


pi ocesses W 
avoid delays, 
‘nterdepartmental co-O 
an rwWO 
See h ow you ca ) make you 
by counting on : Veeder-Root. Writ 


VEEDER-ROOT 


INCORPORATED 
HARTFORD, CONN. 


sembly 


the utmo 









~ VOLTMETER MULTIPLIERS 


Hermetically sealed in a glazed ceramic tube with corrosion-resistant metal 
ferrules, precision windings of the IRC Type MF Voltmeter Multipliers are 
impervious to moisture under the most severe humidity or marine conditions. 
Not just occasional samples but every unit produced is submitted to one 
complete cycle of the Navy salt-water immersion test and an immersion test 
under high vacuum. This assures an air-tight and water-tight seal. e Made in 
13 standard in 3 
to cover voltage ranges to 6000 volts and 
resistance values to 6 megohms, TYPE MF's 
fully with A.S.A. War 
Standard on External Meter Resistors, Ferrule 


#C75.5—1943, 


resistance values, sizes, 


ane FOR ALL 


comply American 


Ry a, 

v, 

o & 
7. <I 


Terminal Style Issue A. 





8 
* vaningie O° 


INTERNATIONAL RESISTANCE CO. 


Dept. 16-C + 401 N. BROAD ST. + PHILADELPHIA 8, PA. 


IRC makes more types of resistance units, 


in more shapes, for 


more applications, than any other manufacturer in the world 
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than for Rochelle-salt elements. In order to decrease th 
amplification required oo pick-ups are occasior 
ally used. The increase in potential output is roughly pr 
portional to the number of individual crystal elements cor 
nected in series. 

Since the crystal element appears to the electric circu 
as a capacitance—although a capacitance having very pec 
liar properties (see Fig. 116A)—the effective impedance « 
the device frequencies involved decreas 
Further, since the capacitance of a crystal element is small- 
only a few micro-microfarads—the effect of stray capac 
tances in the circuit can be extremely serious. In genera 
the capacitance of the connecting cables employed with cry 
tal pick-ups is comparable to that of the crystal itself, ar 
sometimes greater. Consequently, the shunting effect of t} 
cable, in reducing the sensitivity, may be quite larg 
Equally important, however, is the fact that the insulati: 
of the cable, if exposed to shock or vibration, may introdu 
error through the electro-strictive effect; or it may act as 
capacitative pick-up and thus likewise introduce spuri: 
signals. 

As a means of stabilizing the circuit, and reducing 
avoiding the two sources of error just mentioned, it is con 
mon practice to introduce a fixed capacitance in parall: 
with the crystal element; part of this capacitance may | 
the self-capacitance of the connecting cable. The form whi 
the circuit takes is Fig. 123. The effect of th 


increases as the 


shown in 





( ABLE lo 
Pia BE > " 
=, { WL.” /Weuirier 
CS. | 
in +> Inpeur 


shunt capacitance is to reduce the sensitivity of the circu 
to potential changes, and at the same time to reduce th 
of changes in cable capacitance. 

The use of two or more crystals in parallel (and it shoul 
be noted that the two crystals in the pick-up sketched ir 
Fig. 118B are effectively in agp 1) is to decrease the in 
pedance of the unit. Conversely, the effect of several crys 
tals in series is to increase vd impedance—it is just as 
though an equal number of capacitors were connected i1 
And, in the normal manner for electric circuits, th 
shunting effect of the cable and any other parallel capaci 
tance is in inverse proportion to the capacitance of the cir 
cuit. For this reason, when multi-crystal elements are used 
it is advisable to make the connecting cables as short 
possible, or to introduce an impedance-transforming de 
vice.*72 Where possible, it is advisable to use crystals of 
area, or mosaic layers of similar crystals, with th: 
total force increased in proportion to the area.278 

The amplifiers used with crystal-type primary element 
may be of any desired type, provided only that the degre: 
of amplification be sufficient and that the input circuit b 
designed to operate from devices of extremely high imped 
“he frequency response of the entire system depend 


Wher 


effect 


series. 


large 


ance. 
primarily upon the design of the amplifying system. 








extremely low frequency response is required, direct-coupl 
amplifiers can be With such amplifiers, high am 
plification is difficult to obtain, and in order to compensat: 
for this deficiency multi-crystal primary elements are ofte 
A circuit used in applications of this sort is 

124. 

A major of difficulty in the application of piezo 
electric gaging elements is electrical leakage. It is not 
physically possible to establish a circuit having infinite re 
sistance between the sensitive element and ground; elabo 
rate precautions are taken—such as the use of the quart: 
itself as insulating material, as in Fig. 118—but still the 


used. 268 


show! 


source 
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Recording Type 


Contains no complicated rotating parts. 


Write for Bulletin No. 30 


SCIENTIFIC 


——_———_—__———. Main Office and Plant —— 


1309 Capitol Ave 


AC-ME GAS GRAVITOMETER 


Extremely 
Sensitive 


For accurately recording the specific gravity of gas. 


Automatically compensated for atmospheric tem- 
perature and barometric pressure variations. 


Rugged construction requiring a minimum of main- 


LABORATORY APPARATUS 
INSTRUMENTS 
POWER PLANT EQUIPMENT 


TIM ae Lee 


Ph. 4-8144, L.D. 581 


Ph. Fairfax 5814 


<I 


Length 











They have built up a vast fund of detailed “know how 


and “know why” gained through designing, manufactur- 
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SPARE PARTS BOXES 


As per specification 42B9(INT), for ship- 
board use, Electrical and Mechanical. Navy 
grey finish. Immediate Delivery. 


‘COLE STEEL EQUIPMENT CO. 


349 BROADWAY NEW YORK 













Take advantage of the experience of Streeter-Amet 
. who, since 1888, have specialized on in- 
dustrial weighing, measuring, and counting machines 


" 


ing and servicing instruments for a variety of purposes 
They will study your problem and make recommendations 
without cost or obligation. Here are a few of the Streeter 
Amet Instruments 


AUTOMATIC WEIGHER 

Type NT Automatic Weigher auto- 
matically prints the weight of cars 
in motion. Eliminates human errors 
in weighing. May be attached to 
any railway track scale. No capital 
investment 


TRAFICOUNTER 


A “‘lightning fast’’ Automatic 
Counter of motor traffic. It consists 
essentially of a pneumatic detector 
connected with an electri-counter 
which automatically records ve- 
hicles running over the detector 
Widely used by city, county and 
state highway departments 


TENSILE TESTER 


A simple, fast, accurate tensile 
strength tester for veneers, thin ply 
woods and spot welded metal. No 
special preparation of specimen or 
training of operator required. 





STREETER-AMET COMPANY 


4097 North Ravenswood Avenue « Chicago 13, Illinois 


Automatic weighers, recorders, scales, counters and services. Founded 1888 
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ACCURATE LIQU/D LEVEL INFORMATION 
AT A GLANCE, WHEN YOU WANT /T- 





WITH 


LIQUIDOMETER Zw 


‘THEYRE ALWAYS DEPENDABLE 


100% automatic. 

No pumps, valves, or auxiliary units needed 

them. | 

for either remote or direct readings. 
unaffected by specific gravity of 


to read 
Models 
Accuracy 
tank liquid. 
Approved by Un 
gauging hazardous liquids. 
Write for 


Lid UIDOMETER corp. 


“LONG ISLAND CITY, N. Y. 


derwriters’ Laboratories for 


complete details 


36-27 SKILLMAN AVE. 

























e for all trans 


type of housing © acon housed 7 
No one tyP sont. UTC units to bakelite 
former applica 4g from sand castings cael 
structures eae thirty cavity molds 
ses mace 
poet top te bottom - 4 by the now famous 
ans typmes nd cans 


drawn rou 


Extruded ¢ 


"a pyc an dimensions with — 
etfect small ba age wate . 3 
ee “ to the construction 
selv 

ype inductors. etc. - a - 
tagonal cans are a 

7 truction and ele 
ma { volume 


minimum ° 








NEW YORK 13, 
CABLES 





150 VARICK STREET 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16,N. ¥ 





“ARLaB” 
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stance betwee tne nsulated electrode and the unl 
te, ¢ f the 1¢ f ) te OO n ms 
eX tf this leakage is to reduce é rrequenc es} 
{ the stem, thi I nner 
\\ ‘ 1 the i} eat rf " f ay + the ) 
( ct ( st n electric Charges S proauced and ap 
tne ite eiectrode a potential appea it the an 
ne if This potentia equal to the electric el 
ied | the electric ‘apacitance of the circuit, n acc 
é th the usual formula, E& @/C. But because of 
potential difference existing between electrodes, current 
1 i a eakave patns As this current flows, the 
tent difference \ f course decrease, and in a loga 
mic manner; at the end of a period of time equal t 
) 1uc t the esistance and the vacitance (in ohms 
fara ) niv ¢ rf the iginal potential will ren 


Engineering accuracy requires t la 


uU ¢ Tt ie St t ee times as great as the per od of I 
st frequency being measured. Thus, to measure f 
quencies as low as 10 cycles per second, the time const 
S ‘ ‘ t SCC d; if the capacitance of the 
eme! 1) micro-mik farads the eakage es 
nee s ild be at least 100 meg ms. 7 i iue ( 
cult t maint n test ¢ lit ns 
1, SOURCES OF ERRO! 
¢ ric i ces OT ¢ the applicat I ple 
tric measu eleme Ss are in the electric circuits. Si 
S! magnitude of the signals pro luced by the prima 
r l nts neces ites the use of ampl fie rs, chal ges in ft 
fication of the system wi ntroduce errors 1n pro} 
to the magnitude f the changes. Frequent checking 


amplifier gain, stabilization of the cire 


problems. 


separate source of error, frequently overlool 


it quite fundamental in its nature, is that produced 


anges in the capacitance of the connecting cables and t 
nput circuit of the amplifier. Since the potential appea) 
it the amplifier input is inversely proportional! to the 
pacitance (other things being equal) any change in t 
capacitance W ntroduce an error which will be diffic 

check. T source of error can be minimized by plac 
1 relative arge capacitance in parallel with the cryst 
element and the connecting cable. If unusually long cabl 
ire used, they should be calibrated to determine the exa 
alue of the shunting effect each produces. 

The input circuit of the amplifier proper may at tin 

troduce either of two types of errors—one of magnitu 
jue to the input capacitance of the electron tube, and o 
f frequency, caused by leakage either in the electron tu 


lectrical connections to it. The effect of paral 


In the e 


upacitance, and that of leakage, has already been 


Piezoelectric elements are somewhat less’ subject 
changes in sensitivity from outside influences than mo 
ther types of primary elements, yet such errors can a 
lo oecur. Changes in temperature will change the pie 


constant of the material—the amount of elect 
r pound of force applied. Different wor 
ers report these changes; 
seems fairly well established, however, that quartz | 


charge produced ] 


widely * differing values for 
loses oO! 
its sensitivity up to temperatures approa 
it changes from the alp 


all piezoelectric activi 


i few percent of 


ng 300°C., at which temperature 


to the beta form and loses almost t 
It will re-convert when it is cooled to room tempe? 
Rochelle salt crystals show a mu 
wider variation in sensitivity with temperature 
the exact figures should be procured from the manufactu 
f the crystal element—and cannot be used at temperatu 
higher than about 125°F., at which temperature they d 
solve in their own water of crystallization and are destroyé 
As a general rule, it may be said that when piezoelect: 
used for quantitative measurements, great c: 
the design and application of the ioe 
careful checks must be made u 


ature, a 
will again be usable 
chang‘ 


elements are 
must be taken in 
ment, and frequent and 
its characteristics. 
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MEISE BOURDON TURE 





EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 


8/2” Dial..... 2... 126.50 
2° Oial........ -.. 144.00 
a oe — 


IN COLLABORATION WITH THE A. H. “EMERY COMPANY 





Electric Counters & 
Actuating Switches 


Mechanical Counters 


Timing and Recordi 
Devices mg 


ee RODUCTION INSTRUMENT COMPANY 


710 W. Jackson Bivd 
ot iler Vere) ILLINOIS 


CATALOG 43 





Marked improvements in produc- 
tion control efficiency are achieved 
thru the application flexibility and 
performance dependability of our 
Mechanical and Electric Counters. 


These Modern Counters are made 
in many types and sizes to meet 
widely varying requirements. Our 
specialized experience is available 
in their application to your needs. 





Silver King Mechanical 
Counters are typical of 
modern design improve- 
ment that assures dependa- 
bility and long service life. you want to do. 


For suggestions just tell us what 


Pail ction ._-——— Company 


702 W. JACKSON BLYD., CHICAGO 6, ILL. 
anufacturers of Counting, Timing and Recording Devices 





HERE IS THE DIFFERENCE BETWEEN 


PERMOPIVOTS 
AND ORDINARY PIVOTS | 


Only PERMOPIVOTS are tipped with Permometal . . 


alloy of precious metals produced by Permo Incorporated. 


WEAR RESISTANT... The Permometa! tip. 


gives precision instruments longer life and greater 





. & special 


accuracy under actual operating conditions. 


NON-CORROSIVE.. 


or corrode. 


NON-ABRASIVE .... The satin-smooth tip elimi- 


nates abrading particles of wear. 


NON-MAGNETIC. 


available. 


- Permopivots cannot rust 


. K-monel shank material 


Wt W 


The two unretouched photos reproduced below show why Permo- 
pivots keep precision instruments accurate longer. 








Ordinary pivot after test Permopivot after test 




















*T. M. Reg. U. S. Pat. Off. 





PERMO INCORPORATED 
MANUFACTURING METALLURGISTS 
6421 RAVENSWOOD AVE. 
CHICAGO 26, ILLINOIS 





WRITE TODAY FOR DESCRIPTIVE FOLDER 


NO OBLIGATION 





March 1945—Instruments—Page 181 














~— Wehiin, 


THROUGH THE 


MOST COMPLETE. 


Source of Supply 


for 
RADIO PARTS 


RADIO TUBES 
INDUSTRIAL 


| ELECTRONIC EQUIPMENT | 
| AMPLIFIERS | 
SOUND SYSTEMS 
TEST INSTRUMENTS 
COMMUNICATIONS and. 
BROADCAST. APPARATUS 
AIRCRAFT and 
MARINE EQUIPMENT 
F/M-—television—A/M 
* 


OVER 10,000 ITEMS] 
AT YOUR F INGERTIPS « 


PURCHASING AGENTS! 
ENGINEERS! 
Send for this 
FREE 800 PAGE CATALOG! 


Write teday on your company 
letterhead for this massive 
800 page Buying Guide con- 
taining everything in radio- 
electronics. Complete list- 
ings of all standard na- 
tlonally known products 
in one handy, bound 
volume! Sent free on 
pg by addressing 

™ 


Rax 














This §ook 
Can Help Answer 





Your Procurement 


Problems! * , 


FOR PROMPT SERVICE * 
Telephone BArclay 7-1840 





BUY THAT EXTRA BOND NOW 
and SAVE AN EXTRA LIFE! 











SUPPLIERS TO 
industrial Manufacturers + Research 
Laboratories * Schools + Colleges 
Government Agencies * Railroads 
Public Utilities * Broadcast Stations, 
Hospitals + Shipyards * Police Depts., etc: 


SUN RADIO 


& ELECTRONICS CoO. 


212 Fulton Street. New York 7, N. Y. 
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Applications of Electronics to 
Process Instrumentation 


Continued fro Page 48 


Discontinuous.—Thi ve derives its 
from the fact th: 
operates relay $ 
shown in Fig. 6. 

control 


bet nN 


Ss ty 
it 
utput rather 
itself, as 
oth stepless 
has sacrificed in 
economy. Whether or not am 
used, the relay type is char- 
a fixed dead band repre- 
the pick-up current for 


tubes 
favor of 
plifiers are 
acterized by 


sented by twice 


Fig. 6 


Although dead bands may 
minimize hunting in 
some applications of automatic control, 
the fixed characteristic limits the ap- 
plication of this type. It is principally 
used for those remote applications of 
pre valve operations and remote 
positioning of a controller element in 
response to some manually-adjustable 
transmitter. The relays may operate 
secondary contactors in such manner 
that an unlimited amount of power may 
with a minimum of elec- 


either 


relay. 
be desirable to 


-set 


be controlled 

tronics. 
Continuous. The continuous type 
f electronic self-balancing potentiome- 


one of electronics’ greatest con- 
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TRANSFORMER INPUT 
FOR 
LOW-TEMPERATURE RANGE 

Fig. 7. 


Circuit of ‘‘Pyrotron’’ 


the electronic 
than the 
The 
prov ided by 


process instrumentation, 
It is a vers basic measuring ¢ 
cuit which, with minor adjustment ; 
auxiliaries, can be capable of meas 
ing practically all process varial 
and instituting any form of control. 
more than 
motor field 
may be either 
or d-c. function is to dr 
a variable reactor or capacit 
in the measuring circuit to restore 
1imal input to the amplifier. In 

motor, one field of 


tributions to 
atile 


3asically it is nothing 
a-c. amplifier having a 
its load. The motor 
J Its primary 


resistor, 


an a-c. 


AINLICTOR 
VWUUU II 
»~ BALANCE 
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Circuit of an electronic-relay type self-balancing inductance bridge 


motor is supplied directly from the line; 
in the d-c. types, the line a-c. is applied 
to two plates of the output tube. In 
each case the a-c. serves as a reference 
to determine the direction of 
rotation. 

A typical example of the a-c. elec- 
tronic potentiometer is the “Pyrotron” 
developed by the Bailey Meter Com- 
pany. It was developed primarily for 
use with a platinum resistance ther- 
mometer for temperature instrumenta- 
tion applications, as shown in Fig. 7. 
The sensitivity of this system is such 
that the motor will respond to a pri- 
mary-element temperature change of 
0.025°F. Fig. 8 shows the amplifier 


proper 
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electronically-piloted self-balancing bridge 


used with resistance-thermometer primary element (RTD). 
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“THE HOUSE OF 
RESISTORS’ 


* Wire-wound or composition-ele- 
ment volume controls, T-pads, 
L-pads, mixers, efc.; power rheo- 
stats; constant-impedance output at- 
tenuators; power resistors; flexible 
resistors and glass-insulated resis- 
tors; voltage-divider resistor strips; 
metal-tube ballasts and resistors— 
these and other resistors, controls 


and resistance devices, comprise . 


the exceptionally complete line of 
CLAROSTAT — products of “The 
House of Resistors.” 


Consult us regarding 
your resistors, controls 
and resistance device 
problems. 











N. Gin St., Brooklyn, N.Y. 
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CLAROSTAT MFG. CO., Inc. - 285-7 
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Fig. 8. Amplifier unit of ‘‘Pyrotron’’ 


unit with cover removed and major 
assemblies indicated. The two stages of 
voltage amplification of the 6SL7GT are 


| 50 per section or 2500. The motor will 
respond to an input voltage of 0.0004. 





On a pressure primary element, this 
represents about 0.00005” of motion. 
For a longer stroke telemeter like a 
flowmeter transmitter, this may be 
equivalent to 0.0002” of motion. With 
transformer input, the motor sensitiv- 
ity becomes 0.00003 volt. 

Such a packaged electronic poten- 
tiometer is extremely flexible and, when 
used with proper primary elements, is 
useful for a wide variety of a-c. in- 
strumentation applications such as tem- 
perature, pressure, flow, liquid level, 
position, etc. The output or balancing 
motor has approximately 140 oz.-in. of 
torque which is adequate for perform- 
ing a number of simultaneous functions, 
such as driving an instrument pointer, 
a recording pen, a pneumatic, hydrau- 
lic, mechanical or electric controller. 
This flexibility is essential to fill a wide 
variety of instrumentation applications. 
The limit of flexibility of this system 
is the fact that it is not applicable to 
d-c. measurements. 

When we think of d-c. measurement, 
we think of the galvanometer—the cor- 
nerstone upon which electrical measure- 
ments and later automatic control of 
industrial processes was founded. The 
galvanometer was and continues to be 
the foremost detector of direct current 
and as such has always been an inte- 
gral part of a potentiometer. 

Today, however, we find the picture 
changing. Electronic equipment incor- 
porating galvanometers is in most cases 
limited in its application by its speed 
of response and its sensitivity to off- 
level and vibration. Since a-c. electronic 
amplifiers are simpler, more practical 


- and stable than the d-c. direct-coupled 


variety, it is logical that means should 
be developed to invert the d-c. signal 
and eliminate the galvanometer. 
There are to date a variety of inverter 
devices, none of which has the inherent 


sc A ke A 


self-balancing resistance bridge. 


sensitivity or accuracy of the galvanom- 
eter, but many of which are sgatisfac- 
tory for the majority of process meas- 
urement applications. They take the 
forms of motor-driven choppers, vibra- 
tors, carbon piles, reactors and non- 
linear resistors. The inversion in gen- 
eral, takes place at line frequency. 

An inverter coupled with the a-c. 
amplifier and motor combination of the 
“Pyrotron” type would thus become a 
means for measuring and controlling 
d-c. process variables such as temper- 
ature, pH, vacuum, etc. 


CONCLUSION 

Though electronics promises much 
for the future, electronic instrumenta- 
tion is not expected to displace the ex- 
isting forms to any predominant extent. 
Its rise, however, will be steady as a 
result of the variety of instrumentation 
open only to electronics. It has aug- 
mented and expanded the electrical 
method and made its position prominent 
and secure. It will codperate with other 
classes of controllers (such as pneu- 
matic) to make available forms of meas- 
urement and control hitherto solved 
only theoretically. 

Electronics has not only opened up 
entirely new vistas of processing possi- 
bilities but has given each process new 
unity in instrumentation. It has torn 
away the barriers to optimum process 
apparatus design. It has shown by per- 
formance that the failure of other in- 
strument types to perform and often 
blamed on process factors can often 
be remedied by high instrument sensi- 
tivity and controller response. In this 
regard, it will serve as a stimulus to 
other forms of instrument design. 

That the future of electronic instru- 
mentation is secure is attested to by its 
rapid growth to prominence. Its future 
applications will become more diverse 
as time goes on, being limited only by 
the ingenuity of man to find new jobs 
to be done and devise new methods to 
do them. Electronic instrumentation is 
the “second wind” to automatic contrcl. 
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When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer, With over 50 years of ex- 
perience anda very completelineof 
self-operating and air operated 
controls we are well equipped to 
fill your requirements. 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities—See 
your phone directory. 


POWERS REGULATOR CO. 











You can put Teamwork 
into Testing! 
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Condenser Tester—Model 650A. 
Measures Capacity, Power Factor and Leakage 
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SEERA BRIE RS DT RRR NE IES 
Electronic Multimeter—Model 645. _ 
A new Jackson instrument of advanced design 





Multimeter—Model 643. 
1000 Ohms per volt. Push key range selection 





“Service 
Lab” 
Assembly of 
Standard-Size 
Jackson 
Instruments 














BUY WAR BONDS 


JAC 















Sensitive Multimeter—Model 642. 
20,000 ohms per volt—complete ranges 





Tube Tester—Model 634. 
Uses exclusive Jackson ‘“‘Dynamic’’ Test Method 





vw Se Vacca 
Test Osciilator—Model 640. 
Accurate to 14% covers full frequency range 


Yes, TEAMWORK is needed to test and 
service a radio set. No one instrument, of 
course, can do the full job. Each Jackson 
instrument is a specialist, yet a member 
of the team—each outstanding in accuracy 
and performance, and each backing up 
the other. 

Every Jackson unit is separate and com- 
plete. And besides being matched in qual- 
ity and performance, the instruments 
shown here are uniform in dimensions, 
appearance and finish. They can be 
assembled in any combination you choose 
—as in the Jackson-built Service Lab 
illustrated (left). Whether you need one, 
several, or a complete set of instruments, 
buy for the future—with Jackson. 


AND STAMPS TODAY 


Yine Elechical Testing Insthiuments 


JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO 
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METERS and CONTROL 
for Bailer Room 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Mullti-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 
G-14 


BAILEY METER 


« COMPANY -° 


1041 Ivanhoe Rd., Cleveland,Ohio 


BAI METER COMPANY LTD., MONTREAL 
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In this department we report each month new devices for measurement, in- 
spection, testing, metering and automatic control—in the form of concise tech- 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 





400-cycle ‘“Variac” 

New “Type 60-A,” 
eral Radio line of “Variacs,” is a 400-cycl 
model for 115-volt use. Rated 
nominally at 400 cycles, this Variac can be 


latest addition to Gen- 


” 


-ampere 





used at any 
2600 


frequency between 400 and 
Rating is 860 volt-ampere:s 
Output voltages up to 135 volts are obtain- 
able with 115-volt input. A new type of brush 
ind radiator construction is used so that 
when necessary, can be changed 
in a few seconds. New Variac is available 
either with or without case. Overall height 
414,”, overall 5144”. Net weight 
3% Ibs. cased, 3 Ib.-2 oz. without case. 
General Radio Co., 275 Massachusetts Ave., 
Cambridge 89, Mass 


cycles. 


brushes, 


diameter 


Optical Comparator and 


Measuring Machine 
New 14” Universal Bench Optical Com- 
parator and Measuring Machine has a table 
16” long that allows measurements of lead 
ind spacing up to 2” to be made. A hand- 
graduated in 0.0001” operates on a 
round thread spindle for 


wheel 
1ardened and 





measurements up to 1% 
\ ball thrust bearing with hardened plat 
is incorporated in handwheel to assure eas 
of operation. On one end of table is a ver 
nier segment with provision for compoun 
ing the table 15° either side of center, f 
projecting hobs, worms and threads norm 
to their helix angle. An Angle Measurir 
Attachment is provided for measurir 
angles in minutes. Maximur 
height of lens above table is 3” and center 
are available for staging objects up to 3 
in diameter by 11” in length. Other fixtures 
which may be used with this machine are 
Vise Stage, Right Angle Stage, 1” V-blo« 
and Reflection attachment. Lenses availab 


making vertical 


degrees and 


for this machine are §2-mm. lens syster 
to project a 1.4” area at 10> 46-mn 
lens system to project a 0.7” area at 
20 ; 48-mm. objective with 10x ocula 
to project 7/32” at 6214 x or with 8 ocu 
lar to project 9/32” at 50 or with 5» 
ocular to project 13/32” at 31% Jone 


€ Lamson Machine Co., Springfield, Ver 


Mont 


118-piece Set of Gage Blocks 


New “No. 118 DoALL Gage Set,” als: 
known as “Master Series,” is designed fo 
the gage department that requires a com 
plete set of gage blocks. This set is said 
to be capable of producing any combina 


tion of sizes required in precision measure- 
ment: it makes possible “the widest range 
of combinations of any 
market.” It is said to 


gage set on the 
serve for five distinct 





applications: (1) Well represented by s« 
called thin blocks, one series in steps ¢ 
0.0001" from 060.010’ to 0.090", a secon 


series in steps of 0.001” is from 0.021” t 
third in steps of 0.0001” fror 
0.0209”. (2) Well represente 
in steps of 0.0001 


0.029”, a 
0.0201” to 
by standard gage sizes 
from 0.1001” to 0.1089”, in steps of 0.001 
from 0.101” to 0.149”; 0.050” from 0.100 
to 0.950”; and inch series from 1.000” t 
4.000”. (3) A series of three fractional-siz 
gages, 140”, %4” and Y>e”, combined wit! 
six of the standard blocks, makes possibl« 
a combination of every fraction in steps 0 
4” from %o” to 24%4” inclusive. (4) In- 
clusion of 0.01005” and 0.10005” sizes makes 
it possible to set-up a combination having 
a dimension of one-half ten-thousandths o1 
50 microinches. (5) Two special tungsten 
carbide gage biocks called wear blocks, bot! 
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050”, protect regular gages when used 
ider conditions which might cause exces- 
ve wear. Their combination equals 0.100”, 
us making it easy to add or subtract this 


nount in making up a combination. Be- | 
use of their small size, difference in 


efficient of expansion is negligible. Etched 
irkings are free from even tiniest burrs. 

addition to size marking, each gage is 
lividually etched with its own serial num- 
r so that it can always be identified from 
milar size gages of other sets. Each block 
stabilized by six cycles of annealing and 


eezing to 120°F. and will not change 


ore than a few microinches over a period | 
* many years. New 118-piece set is avail- | 


ble in three grades of accuracy: 0.000002” 
rr laboratory use; 0.000004” for general 
ispection; and 0.000008” working set.— 
‘ontinental Machines, Inc., Minneapolis 4, 
linn. 


Simplified-design Sensitive 
Snap-action Relay 


New simplified design of Type 79XAX 
telay is announced, is said to meet demand 
xr sensitive, snap-action relays for a wide 
variety of applications where lower cost 





ind ease of adjustment are important. All | 


parts are readily accessible and sensitivity 
djustments may be made easily and quick- 
y. Armature of “79XAX”"” almost completes 
ts travel in either direction before contacts 
snap into new position. This permits broad 





range of use inchuding vacuum-tube cir- | 


uits, overcurrent protection, pulsing cir- 
uits, and applications where 
close differential or extreme sensitivity of 
yperation is required. Standard adjustment 
using 60 ampere-turns in the coil at ap- 
prox. 0.02 watt results in contact pressures 
of 5 grams with contacts rated 5 amperes, 
115 volts a-c., or 0.5 amperes, 115 volts d-c., 
noninductive. Contact ratings up to 10 am- 
peres, 115 volts a.c. may be obtained with 
100 or more ampere-turns and a correspond- 
ing increase in power. A sensitivity of 0.005 
watts with 30 ampere-turns is obtainable 
with reduced contact pressures and ratings. 
—~-Struthers-Dunn, Inc., 13821 Arch St., Phil- 
adelphia 7, Pa. 


Small-spring Torsiometer 


New torsiometer (produced by 
as a result of collaboration with Gruen 
Watch Co. and Manross Div. of Associated 
Spring Corp.) is of comparator type, assur- 
ng precision in measuring torsion of small 
piral springs. Direct readings in millimeter 
rams on a graduated Manross scale permit 
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Electronic 





d Radio Service 


All-Purpose 7 
Tube and Set Tester F. 


@ HICKOK Instruments have long @ 
been known as the ultimate in a 
scientific development. Illustrated 
here are but 4 of our 36 leaders 
in the Radio Service field. Thou- 4 
sands of Radio Service men have 
preferred HICKOK 
because of their unusual accuracy ~ 14 


Instruments a 


and dependability. ate 
HICKOK pioneered in Dynamic *<@ 
Mutual Conductance Tube Test- 


ing Equipment. In the field of é 


Signal Generators, Traceometers, 4 
Vacuum tube Voltmeters, Oscillo- a 
graphs, Zero Current Testers, Volt- 


ohm-milliammeters and Industrial =. 
Analyzers the name HICKOK iS Ee 


assurance of excellence. “nooo 





THE HICKOK ELECTRICAL 
INSTRUMENT COMPANY 


Cleveland 8, Ohio 
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, classifying springs before assembling 
instruments. This saves time by eliminatir 
tedious trial assembling, disassembling, cu 


| ting, fitting, etc.; also assures a high 
| uniformity of quality to the products co 
| taining tested springs. New  torsiomete ' 
j} accommodates springs up to 2%” diar ! 


| with a maximum torsion measurement 
49.5 mm.-g. Inner end of spiral spring to t 
checked is attached to center post; out 
end is grasped by suspended tweezers. Oute 
| marker is set at “120” on scale which re; 
resents “zero” point. Dial is turned on 
complete revolution and indicator will ther 
give a direct scale reading of torsion. Oper 
ition is performed quickly and simply, re 
quiring no skill or training. The indicat 
spindle rides on a jewel bearing and has 
resistance of nearly zero. Pointer is mad 
|} of non-magnetic material and pointer as 
sembly is statically balanced. Instrument 
high accuracy is indicated by its consister 
repeat readings. In addition to effectin 
savings in instrument assembly costs, new 
torsiometer enables spring manufacturer t 
supply springs of uniform quality in eac 
classification specified by customer. In turr 
|} customer can set up standard spring spec 
fications and be assured that there will b 
little or no variation.—Sheffield Corp., Day 
ton 1, Ohio. 


Electrical Instruments 
New line of 1%” electrical instruments 
has been designed to withstand extreme 
conditions of temperature, humidity, vibra 
tion and shock in aircraft service. Instru 





DIRECTIONAL INTENSITY of radio signals from all United Air Lines transmitter stations is 
measured at intervals with portable Field Strength Test Meters, powered by Burgess Indus- 
trial Batteries. Control of exact radiation from transmitters maintains perfect communi- 
cation between ground and flight crews, assuring accuracy in guiding planes into airports. 





| ments have been fully tested to prove their 
| ability to maintain a service accuracy of 
2%. Immersion tests have shown their 
ability to withstand hydrostatic pressures 
|} up to 14.7 Ibs./in.2 without case leakage 
These new 114” instruments are available 





in d-c. voltmeters in all practical ranges , 
above 50 millivolts, and in d-c. ammeters }2%4 
in all practical ranges above 500 microam- wit 
. - P - : zi . peres. For certain applications lower ranges t 
TEST METER records full volt intensity of radio signals, showing how far and in what direc- | «an pe supplied.—Roller-Smith, Bethlehem 
tion radiation extends from a specific antennae or station. Burgess Industrial Batteries are | Pa. 
° . . | _ ——$ $$ 
the standard of quality for commercial uses—they meet every requirement in the operation | 
of test and control instruments. Production of industrial batteries is severely limited today Continuous-indicating Vacuum 
7 Ww n 2 types y i ay e immediately available. - ‘ 
by war needs, and the types you require may not b imediately ava e : Gaging System 
ses ompany, Freeport, Illinois. ed " { 
Burgess Battery Company r ° New “Type El Thermocouple Vacuun : 


Gage and Control Unit’ combines an all- 
metal thermocouple vacuum gage, together 


B U R G ESS | with its associated control unit. Vacuun 


KEEP YOUR RED CROSS AT HIS SIDE! 







Famous for the WORLD’S MOST COMPLETE LINE of dry batteries 
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g ge is said to be featured by extreme 
rgedness of construction and is assem- 
b -d in a metal envelope. Connection to the 
uum system is made through a standard 
IPS shank pipe nipple. Illustration 
s! »ws control unit, which operates directly 
from 110-volt a.c. and continuously indi- 
es pressures in the range between 1 and 
0 microns. Gage output indicator is 
brated directly in microns. New gage 
1 associated control unit provide a good 
thod for locating leaks in vacuum sys- 
s. For this purpose spray parts sus- 
ted of leaking with acetone or ether. If 
eak is present, a sudden increase in the 
arent pressure reading will occur.—The 
cuum Engineering Division, National Re- 
irch Corp., Boston 15, Mass. 


Plug-in Encased Relay 
New relay of plug-in form is enclosed in 
metal can and fitted with a standard octal 
ug base. Relay mechanism is encased in 
cylindrical metal housing 214g” in diam- 





eter and 3%” high. It is rigidly supported 
against shock by means of a key in the 
center of an insulating disk that fits snugly 
in top of case. Relay, made to operate on 
standard voltages up to 115 volts, a.c. or 
d.c., is a modification of a popular type of 
unit used in small radio transmitters, air- 
craft control circuits, and similar applica- 
tions where space is limited. D-p.d-t. con- 
tacts are rated 4 amperes at 115 volts, 60 
cycle a.c., and at 24 volts, d.c., % ampere 
from 25 to 115 volts, d.c—Ward Leonard 
Electric Co., 88 South St., Mount Vernon, 
N. Y. 
Magneto Test Stand 

New “Model PA 905” magneto test stand 

has been designed to drive dual distributors 


with the magneto. Flange mounting mag- 
netos with integral distributors may be 





munted and tested at required speeds. 
Magneto is directly driven and distributors 
e gear-driven from main drive: no error- 
oducing pulleys and belts. Single con- 
rol permits quick speed changes, armature 
ntrol automatically switching to field 
control after basic speed is reached. D-c. 
iriving motor is said to have these ad- 
yantages: magneto speed may be easily and 
accurately obtained; time and power re- 
quired for acceleration are reduced; higher 
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A recent development for a government agency. 


The resonant reed principle as applied to the measurement of speed, 
frequency and rates of vibration, first introduced in this country by 
Mr. James G. Biddle in 1910, has been widely adopted for a variety 
of services. During recent years, we have been called upon to de- 
velop units for special applications far removed from the original 
simple measurements of speed and frequency. Some of these special 
purpose instruments are shown here; some have already been 
standardized for regular production. 

We invite correspondence regarding problems that may be 
solved through measurements of frequency and rates of vibration. 
Our accumulated experience in the development and use of Frahm 
Resonant Reed Instruments should prove of value in suggesting an 
application for your particular requirements. 


Write for Bulletin 1755-1 





Frahm Electric Tachometer. 4 groups of 
reeds in the same range to aid in synchront- 
zation of the speeds of 4 engines. 


or Sere) 
FRESH WATER 
TEMPERATURE 





Frabm Frequency Meter used in connection 
with apparatus for determining temperature 
of salt and fresh water. 


*SOCCReesteserc cee | 


Frahm Portable Frequency Meter for “series 
operation in testing a special tele graph 
circuit. 


KEYING RATE 


SLOW. FAST 


dames 2 Orme CO 


reisoesewe wk 





Frahm Frequency Meter for use in a special 
electronic circuit. Used m a device for 
geodetic surveying. 


DD 1211-13 ARCH STREET 
AMES G. BIDDLE CO, picsceceins's: es. 
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speeds are allowable by reason of inhere: 

safety speed of the motors; direct drives can 
be used; much time can be saved in testir 

by reason of ease and quickness of changir 

from one speed to another; sufficient torq. 

is available at low speed and gpeed is pos 

tive. New “PA 905” has a heavy welds 

steel frame. D-c. motor is a 11%” constar 

horse power unit, with speed range of 0 t 
3700 rpm. No external d-c. power supply } 
needed as power is supplied from built-i 
unit. Standard external power is 220-volt 

8-phase, 60-cycle a.c. Electric tachometer 

to 5000 rpm. A-c. ammeter 0 to 2.5 amps 
86-pole adjustable gap panel. One adapt: 

and cables and plugs for connections to gay 
panel and distributor blocks furnisher 
Booster coil and switch mounted in pane 

Additional adapters can be furnished upor 
request. Dimensions: 40” long, 30” high, 30 
deep; weight approx. 300 lbs.—Mfg. Dir 

Airplane Mfg. & Supply Corp., 6853 Lanke 

shim Blvd., North Hollywood, Calif. 








Isolating Transformer 


a 
lf oO b | New “No. 7242” isolating transformer fi 
y u e lieve use in laboratory, test, and portable appl 


eations, is wound for three-phase but ma 
, be employed on single-phase circuits. It i 

f a . > A z s oe A 6 i LF A 
TCH t aan ee Tl 2A * 
eI r . a 7 . | \ . 
j rm T -\\ 
& £c.282 & a 22 cs 2s & D 





don’t read this. 


He who believes that the eye 
is faster than the hand never 
played the shell game! 


casting. Yet failures caused by 
such defects are responsible for 
untold losses. 





said to be a compaet component especiall 


convenient for portable use, incorporating a 


Likewise, the manufacturer canteen Tn Meteentimte | crcax tious: 660.vs.. 116 Vide, 1:1 eae 
who believes that the eyes, hank die rig t ki 1 “_ any 3-phase. Exceptional frequency range (60 
hands and experience of his ee ee to 400 cycles) assures wide applicability in Jsio 
workers are better guides to Pose demands the best of help edt Raggi pig ger eo ong : 
profitable production than the for keen eyes and skilled hands. ana arip-proof. Ventilated housing is de- frit 
use of instruments has never The right kind of experience signed for ——— pong ney a gave ‘ 
given instruments a fair trial. welcomes and embraces the ua? abs; Golan 30% ina<<Bees York : 

THE TRAINED EYES —s help of instruments. aap ging Co., 26 Waverly Place, New : 
skilled hands of experienced It is like the modern airplane ; —— n 
craftsmen cannot be discounted, pilot. Experience has taught Variable-voltage Transformer |, 
but why keep them in the him that flying by the “seat of New “Vari-Former” is said to offer ex- ae 
“horse-and-buggy” days? his pants” is all right, but vobuee tp eummeniety Sarin atenet Ot 

THE KEENEST EYE cannot when it comes to flying a huge circuit interruption—from zero to maximur st 


detect the difference between 
108 and 115 volts in an electric 
circuit. Yet this difference may 
be the determining factor that 


bomber over an enemy target, 
he depends upon the accurate, 
unfailing help of 250 instru- 





4. . ments. Likewise, the smart 

1S CAUSING ._ —, peacetime manufacturer of to- ‘ 
yr process to bog down. ‘ - a a 
ng OCR a morrow will use instruments r 
n 
THE Most SKILLED HAND even more than the smart war- elf. 
cannot detect a flaw within a time manufacturer of today. s 

values. A self-aligning solid silver contact 

fingertip controlled by a single knob switc 

provides small increment voltage chang 

) S ) | f ) ) } eC i } S throughout range of device. No carbo 
brushes are used. Incremented increase f 
in the order of 0.75 volts or less. Standard 4 


THE MAGAZINE OF MEASUREMENT AND CONTROL 





THE INSTRUMENTS PUBLISHING COMPANY 


4117 WOLFENDALE STREET «+ PITTSBURGH, PA. 





This advertisement was prepared for INSTRUMENTS by Fuller € 


Smith € 


Ross, Cleveland, advertising agency for Westinghouse Electric € Manufacturing 
Company, East Pittsburgh, Penna. 
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units are auto-transformer type, availabl 


wound for constant current or taper woun 


for current proportional to voltage, Unusu 
design characteristics are said to be en 
bodied: rugged dip-proof construction, hig 
overload capacity, conservative ratings, lov 
no-load excellent regulation. “Vari 
Formers” are lighter in weight and smalle 


loss, 
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that a complete test, 
rods, can be made in less time than by any 


n size than comparable units of similar 
ings. All working parts, windings, etc., 


protected by well-ventilated heavy-gage 
il for protection from dust and mechani- 
damage. Windings are on shell type 
, impregnated for immunity to moisture 
humidity. Control is smooth and easy- 
rating but sufficiently snubbed to prevent 
ement from shock or vibration. Mount- 
provides for bolting to panel, support or 
le mounting. Transformers have mini- 
m stray field and introduce no radio 
rference. Units are supplied either with 
»-transformer winding or separate wind- 
s for isolation of circuits. Available for 
or three-phase use with single control. 
ss “A” or “B” insulation optional. 
tulow Corp., 26 Waverly Place, New York 


/. 


Ground Resistance Tester 
New “Model 255 Vibroground” provides a 
ich greater range of low and high ground 
ctrical resistance testing than did pre- 


sus model, It is said to give accurate 





eadings for all ground conditions, and to 
e particularly adapted to arid or wet re- 
gions or where extremes of dryness or 
yisture are found. It has four ranges: 0-3, 


30, 0-300, 0-3000 ohms. It comes complete 


vith self-contained power supply. With its 
lirect readings no calculations are neces- 
ry. Reverse readings are unnecessary and 
olarization errors cannot occur. Design 
Iso excludes strays from high potential 
tworks, d-c. ground currents, or any a-c. 


frequencies, and other 
plant or field. It is claimed 
including setting test 


mmercial 
ncountered in 


sources 


ther means. Easily-portable one-piece weld- 


ed metal case is water-tight, assuring accu- 


rate readings even on sodden ground.— 
{ssociated Research, 231 South Green St., 


icago 7, Illinois. 


Multi-section Tester for Sound 
Systems 


New “Type 170A Audio Chanalyst” pro- 
les complete sound system testing equip- 
ent in a single unit. It comprises several 
lf-contained testing “chan- 
s”’ and can be used to test any point of 

sound system from microphone to 
aker, serving in emergencies as a bridg- 


sections or 











Conant 
instrument 
Rectifiers 





- 


Col. 3 


B-C 
BHS-C 
BT-C 


‘ BH-C 





2 


3 


tnter- 
nal 


Series Circuit 


$00 
500 


A 


890 
890 . 
890 . 
890 . 


595 . 
625 . 
625 . 
625 


345 . 
345 
345 
345 . 


Dimensions 
(inches) 


SPECIFICATIONS (STANDARD TYPES) 


5 


Mount- 


ing 
Screw 
Size 
6-32 
6-32 


6 ? 8 
Color, 
No. of Terminal 
Weight Ter- Number 
(Grams) minals 1 2 3 
13.012 4 red no blk 
9.158 3 red no bik 
9.158 3 no red no 
7.730 2 red no — 
3.400 4 red no bik 
2.880 3 red no bik 
2.880 3 no sed no 
2.700 2 red no — 
1.743 4 red no bik 
1.385 3. red no tlk 
1.385 3 no red no 
1.293 2 red no — 


PEAK ELECTRICAL RATINGS 


Instan- inter- 

taneous mittent 
4 Volts Mils Volts 
no 30 = «(100 20 60 
— 15 100 10 =660 
— 30 100 20 «660 
— 15 100 10 60 
no 30 15 20 10 
— I5 15 10 10 
— 30 15 20 10 
—- i 15 10 10 
no 30 15 20 10 
— 15 15 10 10 
— 30 15 20 10 
— 15 15 10 10 


Con- 
tinuous 


10 
5 
10 
5 


Mils Volts Mils 





*List 
Price 
$3.50 
2.70 
2.70 
1.50 





Over ninety per cent of all rectifier requirements are served by 12 types—4 basic 
assemblies in 3 series. These 3 series are the three primary units of Conant rec- 
tifiers. Special types, however, can be developed as needed, and you'll find 
Conant ready to cooperate. 
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SERIES 500 UNITS are for general applications requiring greater 
output current for meters, relays or other apparatus requiring more 
than 1 milliampere. Recommended for all such applications at com- 
mercial and the lower audio frequencies. Will also operate up to 
50,000 c.p.s. in special applications wherein accuracy of readings is 
not essential. 


SERIES 160 and 160-C are for applications requiring good fre- 
quency response over the entire commercial and audio range and 
especially when the meter, relay or other apparatus requires less 
than 1 milliampere for operation. In some special applications these 
units may be operated at frequencies up to 15,000,000 c.p.s 
special circuit treatment. 


with 


SPECIAL TYPES are available in both series 500 and 160-C. When 
requesting a quotation on a special type include a sketch of the 
rectifier required or a circuit diagram showing source and fre- 
quency of the input voltage, resistance and kind of load, required 
load current and the ambient temperatures. 


SERIES 500 Disc diameter .500 inch. Area each disc .15 square inch. 
Furnished with 3” braided, tinned copper leads. Finished in clear 
lacquer. Nickel plated end plates. 


SERIES 160 Disc diameter .160 inch. Area each disc .02 square inch. 
Furnished with 3” stranded, tinned double silk covered copper 
leads. Nickel plated case. Assembly sealed with specially developed 
moisture proof compound. 


SERIES 160-C Disc diameter .160 inch. Disc area, lead wire and 
length and moisture proof seal are identical with Series 160. Dimen- 
sions of the nickel plated case have been reduced to the most com- 
\ pact size. These units may be mounted in a standard midget fuse 





20 Vesey St., New York 7, New York 





85 E. Gay St., Columbus, Ohio 


600 S. Michigan Ave., Chicago 5, Ill. 


; clip. 





1215 Harmon Pl., Minneapolis 3, Minn, 


2017 Grand Ave., Kansas City, Mo. 


Pnstiument Reclifiers 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U. S. A. 


Conant Instrument Rectifiers are available from leading radio job- 
bers everywhere—consult your local jobber. 








7935 Eustis St., Dallas 18, Texas 
4018 Greer Ave., St. Louis, Mo. 


1526 Ivy St., Denver, Colo. 


4214 Country Club Dr.,Long Beach7,Cal. 
4205 N.E. 22nd Ave., Portland 11, Ore. 
Caixa Postal 930, Sao Paulo, Brazil 


50 Yarmouth Rd., Toronto, Canada 
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rr ~ ing unit to substitute for the defective s« 
: , tion of an inoperative amplifier. Unit e 
tains a calibrated high-gain amplifier usef 
for signal tracing, tube checking and ga'n 
measurements. It supplies its own test sir- 
nal from a built-in beat-frequency oscillato, 
3 I ° N which can be operated by an_ intern 
y ngenious ew f auxiliary sweep circuit for checking m1 


- 4 tiple speaker installations. Maker's “Vo 


4 4 r rst” is i ‘luded as one ie Cché U 
i Technical Methods Ohmyst” is included as one of the chann 








measurement of audio frequencies. An in 


Presented in the hope that they will pedance tester and a high-speed “electron 
z : indicator” add to unique testing facilities 
prove interesting and useful to you. “Audio Chanalyst,” as various combinatior 
of its channels can be used for audibie ar 

visual testing. Initial production suppli« 





largely to Armed Forces; civilian supp! 
soverned by priority ratings.—RCA Victe 
Div., Radio Corporation of America, Can 
den, N. J 





Stroboscope 


New “Model 1200” stroboscope is sai 
to be based on a “completely new principk 
and is claimed to increase the range througt 
which moving objects may be examine 








New Quick-set Dial Drill Sharpener 
Eliminates Guesswork...Keeps ’em 
Drilling Faster — Longer <Bottem FA 


of Pivot hole 












Rotary speeds from 600 to 600,000 r.p.n 


“WS : a : 
Attached to the Drill Sharpener, it adjusts drill or Vkakiians Baeas Wk Ee inde cz 























edges to the proper angle for precision grinding, © hel 5, be “stopped” and studied. Light sourc 
putting drill sharpening on a quick, efficient basis. a being mounted in a small probe at end of 
QUICK-SET DIAL easily and accurately adjusts - 0 ns ee ee ee 
Sh: f re ; drill £ 5 25" 1” - - — be easily viewed at close range. Provisior 
! arpener ‘OF snarpening ri rom 2/34 to l a : seeey is made to operate unit from external tun- 
sizes. Dial insures accuracy in measuring angles ing-fork or crystal standards, where ex- 
and clearances on twist drills, preventing trouble eats § orind treme accuracy is required. Motion of 
° ° . “~ r ° ringer ieets rj re irre e. 7 s 

and making drills last longer. Dial-Set sharpened eT objects moving at irregular speeds may al: 
deities cus & j ceed h d be “stopped”’ with “Model 1200.” An accur- 
rills cut faster and more accurately, as the edges ate repetitive pulse rate is said to be ob- 
are alike and uniformly sharpened. tained by pulses derived from a stable audio 


oscillator, obviating need of constant read- 
justment of repetitive rate and insuring 
clearly-defined images at high speeds. A 
light intensity control switch is also pro- 
vided for greater flexibility; this enables 
user to control both light intensity and 
pulse-length duration. — Communication 
Measurements Laboratory, 120-24 Green- 
wich St., New York City. 


Precision built, calibrated and tested, unit is 
easy to set up and operate. Saves wear and tear on 
drill presses—prolongs drill life—cuts costs—im- 
proves quality—speeds output. 

Another thing worth remembering is Wrigley’s 
Spearmint Gum. That familiar red, white and 
green package which always meant “a help on 
your job.”” No more of this famous brand and 
flavor is being made for anyone now—even for 
the Armed Forces overseas—as Wrigley’s stock- 
pile of finest quality raw materials is all used up. 
But—remember Wrigley’s Spearmint —The 
Flavor Lasts. 








Fixed-interval and Repeat-cycle 


Timers 

New “No. 5800 Series” is a complete lin 
of continuous running repeat cycle timer 
with either a-c. or d-c. operation. Illustrated 
y’,. - Bah as ee = ee, is “No. 5800-4” (four circuit) a-c. motor 
You can get complete information from Ameraco Industrial driven unit. New timers are available wit 
ectalties, 122 S. Michigan Ave., Chicago 3, Il. one to eight switches as required by cust 

mer. Appropriate motor speed is select 
(most popular speeds from 8 rpm, down t 
1 rev. per month), according to timir 
ycles desired. If the occasion arises, make 


To the Engineer, Physicist pr adjust motor to one rev, per six montl 
e -recisio sn: switches are se single 

or Chemist Who Seeks SU Goce: tbdon. dannii of 10 

A PERMANENT JOB a.c. Assembly illustrated shows adjustat 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service, Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 


Tbis is wot the advertisement of any manufacturer but a notice from The Instruments Publishing 
as a service te its readers. Names will be mdde available to prospective employers. There 
will be no charge to applicants or te prospective employers. 
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just Duslohes!’ PATA AMC 


FASCINATING, NEW BOOK FOR AMATEUR RADLO OPERATORS! 























To obtain your free copy of “FROM 
ONE HAM TO ANOTHER,” just send us 
a card with your name, address, and 
call letters if you have them. If you 
are now connected with radio in 
some way, we should like to know 
the name of the organization 
with which you are affiliated, 
and the type of work you 
do. EVEN IF YOU ARE NOT 
A HAM, YOU ARE WELCOME 
TO THIS PANORAMIC BOOK. 


PANORAMIC. 


Packed full of brand new information on 
amateur radio operation! Shows how 
you can solve many of your problems! 
Completely explains, in your own lan- 
guage, the PANORAMIC Technique, and 
what it will mean to you when you get 


back to: your rig! 





“From One Ham to Another” tells you how 
to get the most out of your rig. It shows you 
how you can have even more satisfactory 
QSO's with your friends all over the world. In 
detail it describes the problems that confront 
amateur radio operators... and proposes 
solutions. For example, after you have 
read "From One Ham fo Anotier,” 
you will know how to reduce the number 
of missed signals, how to determine quickly 
which frequencies are free, how to step up 
your efficiency. 


Simple and pleasant to read, “From One 
Ham to Another” is written for the ham in 
terms you use. And you will be amused by the 
clever cartoons that illustrate it throughout. 
You will want to file and keep "From One 
Ham to Another” for the new ideas it pro- 
vides. You will learn about the role that the 


}| PANADAPTOR will play in future ham opera- 


tions. You'll be thrilled by the stories of war- 
time applications of this technique. Send for 
your free copy today! 


“From One Ham to Another” discusses such subjects as: 


e Watching for CQ's 

© Answers to CQ's 

e Operation of nets 

© Choosing a spot in the band for your xmtr 
Helping your brother ham 

© Reading signal strength 

@ Logging the frequencies of your friends 

e And many other topics of great interest 


RADIO CORPORATION 


2-250 WEST 5S™ ST. hea G 


Y 
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| Experience to solve 


The illustrated unit typifies 
the mony compoct designs 
incepted by N-Y-T for mo- 
bile, airborne ond port- 
able equipment. Resource 
ful N-Y-T engineering, new 
moterials ond advonced 
techniques moke possible 
full retention of desirable 
choracteristics 






translormer 
problems 
of Americ 


Already new techniques, new ma- 
terials and new processes have 
added greatly to transformer efli- 
ciency. N-Y-T engineers have 
played an important part, 

To you engaged in the fulfillment 
of America’s future—through prod- 
uct or equipment utilization of 
transformers, solenoids or filters— 
a cordial invitation is extended for 
near-future collaboration. 





NEW YORK TRANSFORMER CO. ‘x 
26-28 WAVERLY PLACE NEW YORK 3, N. Y. 






4 





No. Al2402%¢ No. M81110 No. M82115 
Industrial Dial Recording 


THERMOMETERS 








TEMPERATURE CONTROLLERS 





\. No. V85002 No. M87000 
Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 





PRESSURE GAUGES 








No. 800 No. 600 No. 730 
Steel Case tron Case Hydraulic 


Write for Catalog 101-G 


H.O.TRERICE Co. 


Monufecturers of Temperature Instruments 
1420 W. LAFAYETTE BivD. 
DETROIT 16, MICHIGAN 





| -<2 

DIALS - PANELS - PLATES 
made to your precise engineer- 
ing specifications in etched 
metals and finishes. 


PULL 





f i/ a 
METAL ETCHING CO. 


21-03 44th AVE. 
LONG ISLAND CITY, NEW YORK 
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cams which can be set to throw the swi'ch 
from 1° to 180° of the revolution. Specia!'y. 
cut cams are also available for varicus 
combinations of “on” and “off’’ cycles cov 
ing a range from more than one actuatior 
per second down to one per month, Ny 
timers are available on various commer 
a-c. voltages and frequencies as well as 
d.c., wide range of motors being secur 
through Haydon sealed-in lubricated gg 
trains. They are designed to meet any « 
sired pattern of electrical impulses in vir 
ally any overall interval for radio keyir 
industrial timing, process control, sequer 
switching, etc. Also available with brake f 
instant stop for end of single cycle if 
desired Haydon Mfg. Co., Box 52, Fore 
ille, Conn 


Cathode-ray Tube Shield 


New “Model M-996g” cathode-ray tu 
shield has been engineered for use with : 
three-inch cathode ray tubes, is said to cor 
bine shielding essential to satisfactory pe 





formance with convenience of both pane! 
and chassis mounting. Protection against 
vibration and shock is afforded by shock- 
absorbing cushion built into clamp ring and 
by gum rubber gasket around tube face 
Mechanical protection for tube is provided 
by transparent screen, available in either 
plain or colored Lucite. Shield body, formed 
of Mu-metal, is cadmium plated all over, 
with black baked wrinkle outside finish 
New shield can be furnished with design 
modification to suit special requirements. 

Metallic Arts Co., 248 Broadway, Cam- 
bridge 89, Mass. 


Aviation Battery Tester 


New High-rate-discharge Battery Tester 
(“Model 666” and “Model 667”) has been 
developed for ground use for conducting 
high-rate-discharge tests on Army and Navy 
aircraft batteries. It incorporates five cali- 
brated Nichrome resistors, capable of dis- 





sipating up to 350 amperes on batteries c 
12- or 24-volt potential. These resistors ar 
selected by means of five thrust-type ter 
minals and battery connections are b 
means of two-heavy cables. When switch i 
thrown to start test, an aircraft relay simul 
taneously closes main-load circuit and actu 
ates a solenoid-type relay to start a time 
clock which indicates elapsed time, auto 
matically corrected for tenjperature of bat 
tery and specific gravity_of electrolyte. A 
combination voltmeter and ammeter is 
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Projector-type Comparator for 
Replica Film Inspection 


New “Model C1000 Faxfilm Comparator 
developed for con- 
comparison of 


\pparatus” has been 
enient examination and 





Fig. 1 


“Faxfilm” surface contact replicas (see Jn- 
struments, Nov. 1944, page 716). It com- 
prises two 100-watt projectors with over- 
head reflectors (see Fig. 2) projecting onto 
an inclined inspection screen. Each projected 


au ted 
the top of the cundpy. TM 
pbs om sarh afde. of the 


me sonsity of Light may. we 


DES SES: SRE 





while in 
Model 666" only the voltmeter is available. 
hen voltage drops to 14.4 volts on a 24- 
It battery, or to 7.2 volts on a 12-volt bat- 
y, switch is thrown off and elapsed time 
id. In “Model 667,” it is also possible, 
rough use of ammeter switch, to quickly 
id the current-flow during the test. Entire 
test is based on current and voltage against 
on lid shows at a 
specified for 
rious types of aircraft batteries. Tester is 
mpact in design, withstands mechanical 
operation 
requirements of the 
rvices as well as of leading battery-manu- 
Philadelphia 


for Research Workers 
in Radiology 


_ GEIGER-MUELLER 
COUNTER TUBES 


As designed at the 
University of Rochester 
for biological work 





\DP’ 


ING/ 
HIGH ~\ /VACUUM 


HEADQUARTERS 


EIGER-MUELLER COUN. 

TER TUBES of the type illus- 
trated were designed at the School 
of Medicine and Dentistry of the 
University of Rochester, and have 
been used there with conspicuous 
success. In order that they might 
be made available to other workers 
in the field of radiology, Distillation 
Products, Inc. undertook their 
construction. 

These tubes respond to beta ra- 
diation, emitted by radioactive ele- 
ments, through an extremely thin 
copper-coated glass cylinder con- 
taining gases that readily ionize 
under this influence. The counting 
threshold is about 1200 volts. Con- 
nected with a stable voltage source, 
electronic quenching circuit, and 
counting meter, the tubes give an 
accurate record of the proportion 
of radioactive present. 
They are entirely satisfactory in 
discerning elements tagged by the 
radioactive isotope in chemical and 
biological studies utilizing the 
tracer technic. Further informa- 
tion about the tubes, or about am- 
plifiers and auxiliary electronic 
equipment, will be supplied 
promptly upon request. Address 
Vacuum Equipment Division. 


elements 


DISTILLATION PRODUCTS, INC. 


Jointly owned by EASTMAN KODAK COMPANY and GENERAL MILLS, INC. 
ROCHESTER 13, N. Y. 
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Electrox Rectifiers to lead- 
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makers since 1930. 
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SIGNAL GENERATOR 


The alignment and adjustment of r-f tuned circuits is one of 
the many jobs this instrument can do in conjunction with a 
cathode-ray oscilloscope. For production testing, research and 
development on AM or FM intermediate frequency amplifiers, 
radio frequency amplifiers and various wide band circuits. 

Other instruments in the G-E line of laboratory measuring 
equipment include: Regulated Power Supplies, R-F Capaci- 
tometer, Square-Wave Generator. Write: Electronics 
Department, General Electric, Schenectady 5, N.Y. 
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SAVE TIME AND 
MONEY! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays 
for itself. 

Unique construc- 
tion enables operator 
to rapidly determine 
temperature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, 
no accessories, no 
maintenance ex- 
pense. Special 
“FOUNDRY TYPE” 
and ‘“‘Universal 
TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 


ing TR POUT 
and POURING TEM- 
PERATURES of 
molten tron and 
steel when meas- 
ured in the open. 


Stock ranges 1400° F. to wvue” F. 
Write fer Catalog Ne. 60 
Immediate Delivery for Defense Plants 
THE PYROMETER INSTRUMENT 60. 


Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK, &. Y. 




















image is at 100-diameter magnification andj 
is 20” square. The projection table is s5 
arranged that any part of the “Faxfilm” 
replica may be brought to view at any poirt 
on screen; while magnification and resol 

tion of projected images of both standar 

and specimen will be equal. Framework (ss 

Fig. 1) is 95” high, 42” wide and 28” dee 

Comparator weighs approx. 400 lbs. crate 

for shipment.—Rexr D. McDill, 5109 Ma 

field Road, Cleveland 21, Ohio. 





Surface-roughness Standard 
Specimens 
New standard surface-roughness speci 
mens comprise a set of ten, each represent 
ing one clearly-identified degree ef surfac« 
roughness ranging from smoothness of 





bearing surface to roughness of a flame cut 
New specimens are designed to permit engi- 
neer or draftsman to select (and specify 
by symbol) degree of surface roughness 
allowed for a particular machine part. They 
also enable mechanic in shop to determine 
exact surface roughness allowed by draw- 
ings. Each of the ten metal specimens is 
approx. 2” XK 2%” xX %”; several are di- 
vided into two and in some cases four sur- 
faces, all of which, while equally rough, 
are produced by different machining meth- 
ods. In all, the ten specimens simulate 25 
surfaces, each surface representing the 
roughest one acceptable for that particular 
symbol regardless of method of producing 
finish, or material of which part under in- 
spection is made. Cloth-lined wooden case, 
12” x 6” X 1%”, designed for protection 
and for convenience in handling, has a par- 
tition which holds specimens in their com- 
partments and also protects a “t (on 
inside of cover) which convenient, ‘sts 
symbols for ready reference. Little experi- 
ence is required to use specimens efficiently, 
since comparison of surface under inspection 
with that of selected specimen is made 
visually and tactually.—Special Products 
Div., General Electric Co., Schenectady, 
N. Y. 





Latch Interlock Relay 


New “Series 50XBX” 2-coil relays are 
added to maker’s “Memory” relay types, 
are of simplified design and meet aviation 
specifications. A new style positive interlock 





between the two symmetrical operating ele- 
ments represents latch-in relay constructior 
in simplified form. Thts latch operates posi- 
tively from a momentary impulse. Applica- 
tion of power to one coil latches contacts 
into one position. Power then applied tc 
other coil throws contacts into a latch-in 
second position. A third “unlatched” posi- 
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years,” 
Use of 
cally-sealed paper capacitors as well as in- 
creased voltage ratings for certain 
capacitors, 
Capacitors are operated at less than 80% 
of voltage rating, while all composition re- 
sistors operate at less than 40% 


ting. For 
there 
mounting straps on capacitors, tube clamps, 
flange added on chassis assembly, better 





yn, valuable for certain applications, can 
obtained by energizing both coils simul- 
neously. New design makes it easy to 
tain make-before-break, or break-before- 
ike contact combinations, Contacts do not 
terrupt coil circuit until “throw” is entirely 
ympleted and contacts are locked in new 
position. Relays of this general type are 
produced in ratings from 6 to 200 amperes 
more, and with practically any desired 
ntact arrangement. Standard types pro- 
le for two auxiliary contacts, one in each 
il circuit. Use of auxiliary contacts makes 
possible to obtain operation over an ex- 
tremely wide range of a-c. or d-c. voltages. 
New “Memory” Relays are small and com- 
pact. Example, “Type 50XBX103," having 
d-p.d-t. main contacts, and rated at 6 am- 
peres at 24-volts d.c. is 3% 6” long, 1%” 
high and 15” wide.—Struthers-Dunn, Inc., 
821 Arch Street, Philadelphia 7, Penna. 


Cathode-ray Oscillograph 


New “Type 208B” cathode-ray oscillo- 
raph is said to represent that “what hap- 
ens to a laboratory instrument when it 
oes to war is told in design changes and 
efinements effected during the past two 





wartime touches being as follows: 
mineral-oil-impregnated hermeti- 


paper 


for greater factor of safety. 


of power 
rating. High voltage wire replaces previous 
standard wire in high-voltage circuits. 
Various changes have been made in the 
tube complement. There is a change of nega- 
tive supply rectifier from Type 17 to the 
Army-Navy preferred Type 6X5GT/G; from 
the %4 watt neon tube to the Army-Navy 
referred Type 991 voltage regulator for 


greater stability; from Type 6F8G tubes to 


Army-Navy preferred Type 6SN7GT, with 
improved performance. There is now in- 
luded a frequency range adjustment re- 


sistor in the time base as a factory adjust- 


ment, for accurate time-base frequency set- 
greater mechanical ruggedness 


are several refinements such as 


1ockets, self-locking stop nuts, rolled bead 
ym c-r. tube shield, additional brackets, etc. 
—Allen B. Du Mont Laboratories, Inc., 2 
Main Avenue, Passaic, N. J. 


“FUEL SAVING STARTS 


with CONTROL’ 


BETTER 
PERMANENT MAGNETS 








RADIO, SOUND and 
COMMUNICATIONS 
EQUIPMENT 


AUTOMOTIVE 
and AVIATION 
EQUIPMENT 





However advanced your own product-development work may be. . . 
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entirely in our own plant, under the closest metallurgical, mechan- 


ical and magnetic control to assure peak efficiency at the lowest cost. 
Get your copy of this valuable, up- 


N E W : to-the-minute manual on the design, 


production and application of modern Alnico per- 
manent magnets. Write us, on your company letter- 
head, today. 
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ESSENTIALS OF PRECISION INSPEC- of gages and measuring instruments of 
TION. By WesLEY MoLLArRD. McGraw-Hill greater precision has made necessary the 
Book Company, Inc., New York, 1944. Cloth, training of people to use them. This prob- 
8% xX 11% inches. xii + 207 pages. Price lem has been difficult because of the scarc- 


$3.00, ity of trained mechanics due to— 

The factor which has contributed more (a) Induction into the Armed Forces of 
than anything else to the successful prose-_ technically trained men 
cution of the present War has been Amer- (b) Suspension of all apprenticeship train- 


ican industry’s ability to produce perfectly ing programs during the great depression, 
interchangeable parts. This interchange- during which no mechanics were trained. 

ability has been made possible by measur- Therefore, industry was waiting for a 
ing standards which have facilitated the book like this. Fortunately, the author has 
calibration and adjustment of gages and kept the shop man in mind while writing it 
precision measuring instruments to the _ so that the result is an understandable work 
same uniform degree of accuracy all over which is helpful to both the new and the 
our broad United States. The development experienced inspector. There is not an un- 


For MON ... it's INSPECTION 
For HER son... it's FIGHTING 


And together they do a grand job. For Mom is on the 
job, every day, inspecting each thermometer before it 
can be shipped and nothing gets by her eagle eye. It’s 
folks like this, who are imbued with a spirit 0: Loyalty to 
our firm who are responsible for the fine Thermometers 
that help you to make a finer product. 


Remember, in post-war plans, only GOOD Thermometers 
should be considered in rebuilding your future sales. 


Clip this ad as a reminder (Catalog on request) 
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necessary word or a superfluous paragrapn 
in the whole book. 

The author gives in Chapter I a descriy 
tive list of the more common tools used in 
inspection work. This enables the new in 
spector to get a bird’s eye view of what i 
available and serves as a review to ths 
older inspector. This feature alone is worth 
the price of the book to the practicing 
inspector. 

The author then takes each tool and de 
votes one or more pages to it, with detailed 
instructions for its use. He then follows this 
text material with problems to be worked 
out by the student. The author covers the 
ground so thoroughly that no _ inspector 
should be without a copy of this book in his 
tool-kit. The method of treatment of the 
material, and the fact that the author has 
kept in mind the audience for which he was 
writing—the shop man—makes this work 
doubly valuable. 

The author effectively removes the mys- 
tery surrounding the sine bar. However, he 
could have simplified the instructions for 
wringing gage blocks. The final cleaning 
operation on gage blocks should be per- 
formed by wiping them on the heel of the 
hand, or, better still, on the forearm. One 
block should then be slid over the other 
with pressure, with one motion, without 
“oscillation.” Every author being entitled 
to make one mistake, we can forgive Mol- 
lard for this one deviation from the straight- 
and-narrow — which does not impair the 
value of the book. 

His treatment of milling cutters is excel- 
lent, as are his instructions for checking 
them and the illustrations used to make the 
method clearer show that he has done a 
considerable amount of work on this sub- 
ject. 

The treatment of threads has made this 
otherwise obscure subject clear. The expo- 
sition is complete and covers all methods of 
checking threads. Anyone reading this one 
chapter on Threads could consider himself 
a good inspector, as this is one subject on 
which most inspectors are weak. 

The author has tackled one part of in- 
svection work which most writers shy away 
from, and that is “gears.” Very few inspec- 
tors understand the subject of gears, meth- 
ods for checking gears, and gear checking 
equipment. The author presents this mate- 
rial in a lucid, clear, understandable and 
cemplete manner. 

“Essentials of Precision Inspection” is one 
of the few books published during the pe- 
riod of the War which makes a definite con- 
tribution to the science of inspection. 

—J. MANUELE, Director of Quality 
Control, Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

































































EXPERIMENTAL SPECTROSCOPY. By 
RALPH A. SAWYER. Prentice-Hall, Inc., New 
York, 1944. Cloth, 6 x 9%4 inches viii + 323 
pages; 107 figures. Price. $5.00. 

While “it is designed for students of spec- 
troscopy and for those in research labora- 
tories who wish to make use of spectro- 
scopic procedures”, the most experienced 
spectroscopist is likely to find in this book 
some ideas which he has overlooked and so 
be amply repaid for a careful reading of 
the whole text. The subject matter is pre- 
sented in such a manner that it is read 
with pleasure as well as profit. 

The treatment of the effects of each of 
the possible maladjustments, and the dis- 
cussion of the means of getting the best 
results from a grating that is slightly de- f\ # 
fective (and the best grating is likely to J} 
have slight defects), can be of great assist 
ance to the beginner. Methods of testing} \. ., 
spectrographs of all types are given in detail 1 ene 
by an expert. The fundamental principle: 
of optics are presented in sufficient scopé 
and detail for the purpose of spectroscopy 

Chapters on prism spectrographs, an 




















A TEN THOUSAND POUND 
OR TEN POUND ‘BOW’ 


Supplementing the 100 pound to 1000 pound Waugh-Johnson high fre- 
quency vibration machines and a special 10,000 pound capacity machine, 
Waugh Laboratories offers a new line of six small machines with capacities 
of 10 pounds and 25 pounds and priced from $495.00 to $1,025.00. With 
the addition of these smaller equipments, Waugh 

presents a complete line of high frequency vibra- 

tion machines designed to test equipment of all 

types which must meet rigid specifications. 


for specification sheets. 


', Write for Rental 
‘/ List and Service 
Manual on busi- 
@ ness letterhead, 
This advertisement 
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others on grating theory, mounting, and use, 
contain all the information necessary to 
enable one to design a spectroscope for his 
particular needs, or to choose the proper 
commercial instrument, of which many types 
are illustrated and described. The informa- 
tion of most general use to the spectrogra- 
pher is found in chapters on the history of 
spectrography, on light sources, on the de- 
termination of wave length and of spectral 
intensity, and on the spectroscopy of the in- 
frared and the extreme ultraviolet. The con- 
cluding chapter, on spectrochemical analy- 
sis, reviews in fifteen pages our present day 
knowledge of this many sided subject. By a 


careful reading of every sentence in this 
chapter one may determine whether his 
knowledge of the subject is thorough and 


up to date. 

The work will prove to be invaluable to 
those interested in the design of spectro- 
scopes, and the book should be available to 
all who have problems in chemical analysis. 
In no other single treatise are to be found 


all of the scores of useful suggestions which 
result from the author’s long and successful 
operation of optical instruments, 
—KEIVIN BuRNS, Astronomer, Alle- 
gheny Observatory, Pittsburgh. 


CHEMICAL SPECTROSCOPY. By WAL- 
LACE R. Brope. John Wiley & Sons, New 
York, 1943. Cloth, 5% x 8% inches, xii+ 
677 pages. Price $7.50. 

A spectrographer who has used the first 
edition is pleased to see the tables of wave- 
lengths of the elements extended to both 
shorter and longer waves, and to find that 
the MIT line intensities have been used in 
place of the somewhat unsatisfactory inten- 
sity data of the first edition. (Unfortunately, 
the typographical error “Cu 2592 intensity 
1000” is copied from MIT.) 

As in the first edition, the text is arranged 
so that one may learn the use of either 
emission spectra or absorption spectra with- 
out necessarily following through the de- 
tails of both. And for the student, the later 


GAERTNER 


OPTICAL INSTRUMENTS 





Small Spectrometer 


An inexpensive instrument incorporating all the essential adjust- 
ments of larger more expensive models, that can be used for all 


the standard applications. 


Readings can be made to one minute on the accurate en- 
gine divided circle of 125mm diameter. 


Collimator and telescope objectives are of 20mm aperture 


and 130mm f.1. 


The telescope is provided with a high power Gauss Eye- 
piecé, rack and pinion focusing and a tangent screw for 
delicate adjustment. An adjustable 8mm slit is mounted 


on the collimator. 


A polarizing attachment and various other accessories are 
available to enhance the usefulness of the instrument. 


Prompt delivery with suitable priority 


Send for bulletin No. 144-44 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 
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edition contains more detailed instructions 
for the performance of quantitative analy. 
sis. The most commonly used types of prism 
spectrograph are described fully and their 
adjustment is treated in detail. Reference 
is made to the grating spectroscope and {is 
use. The student is guided in the choice of 
the proper source and in the selection of 
the most efficient auxiliary apparatus for 
each problem. The most useful types of 
densitometer and other measuring devic 
are illustrated and their use is explain 
The plates of the fron spectrum with t} 
positions of the useful lines of other el 


ments are particularly helpful in connection ff 


with general analyses. 

In this book the treatment of the theory 
of molecular spectra, and illustrations 0? 
the possibilities of analysis by means of 
absorption spectra, are better designed for 
student use than in any other treatise known 
to the reviewer. The book is helnful to t} 
teacher of any course in spectroscony ani 
it has already won a well-earned place in 
most analytical laboratories. 

—KEIVIN Burns, Astronomer, All: 
gheny Observatory, Pittsburgh. 


REPORTS ON PROGRESS IN PHYSIC: 
Volume VIIT (1941). Wriirrm B. MANN 
General Editor. The Physical Society, Lon- 
don, 1942. Cloth, 7 * 10 Inches, 372 pages 
Price $5.25 including postage. 

Our review of Vol. VII of this series con- 
cluded as follows: “. .. and order Vol. VIT! 
in advance! .. .” None of those who fol- 
lowed this advice could have been disar 
pointed in anv way, for this volume repré 
sents, as did its precursors, a balanced 
choice of timely subjects and a successful 
round-un of eminent authors. 

Timeliness of subfect and 
author are both exemplified 
ume’s first article. Professor Born’s essay 
(it is more of an essay than a report of 
work done) is even more than timely: it {s 
pronvhetic. It is timelv because in recent 
years the teaching of theoretical phvsics 
suffered severe curtailments in most of thé 
world’s universities—first In Germany, then 
in Spain and the other fascist countries 
finally in the civilized countries overrun by 
the barbarians. 

This essay is prophetic because our own 
country’s numerous universities, which did 
not neglect pure science before the 7th of 
last December while we were the Arsenal 
of Democracy, will undoubtedly be “drafted”’ 
as training centers now that we are fight- 
inge—now that we have to raise and equi; 
huge armies, naval forces and air armadas 
—now that we have to convert our automo 
bile and other industries {nto war plants- 
now that we have to build and man new 
shipyards and factories of entirely new 
types. Yes, nearly every department of 
theoretical phvsics will have to be converted 
into an invention-and-develonment project 
working feverishly on new Infantry wea 
pons, new fog-plercing Signal Corps devices 
new high-temperature materials for new 
tynes of airnianes, etc. It is no military 
secret that this conversion has alreadv be- 
gun here. It probably has been completed 
in England: and perhans that is why Dr 
Mann gave the place of honor in this vol- 
ume to Dr. Born’s article—because this ar- 
ticle {s not a catalog of recent discoveries 
but {in part an analysis of conditions and !r 
part an inspiring statement of temporarily 
neglected ideals! 

As we did for the previous volumes, w 
list the reports in Vol. VITI with a count 0 
pages, referénces cited and other data for 
each: 

The teaching of theoretical physics !: 
universities.* By M. Born: 10 p. 

The theory of the specific heat of solids.* 
By M. Blackman: 19 p., 50 refs. 
High-speed centrifuging.*® 

Beams: 19 p., 104 refs. 

Applications of spectroscopy to combus 
tion.* By A. G. Gaydon: 20 p., 185 refs. 

Friction between solid bodies.* By Rober 
Schnurmann: 19 p., 3 p. of halftones, 6 
refs. 

The general physical constants. By Ray 


eminence of 
bv this vol- 


By J. W 
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mynd T. Birge: 44 p., 3 tables, 121 refs. 
Recent television developments.* By V. 
. 4worykin and R. E. Shelby: 50 p., 15 
7s. 83 refs, 
Instrumental technique in 
y A. Hunter: 14 p., 28 refs. 
Dispersion in the far infra-red. By Lotte 
liner: 12 p., 22 refs. 
The M.L.T. wavelength project.* By George 
Harrison: 21 p., 21 refs, 
Molecular electronic spectra, dispersion 
i polarization (the theoretical interpreta- 
n and computation of oscillator strengths 
d intensities). By Robert S. Mulliken and 
irol A. Rieke: 43 p., 7 tables, 69 refs. 
Symmetry properties of nuclear levels. By 
igene P. Wigner and Eugene Feenberg: 
i4 p., 5 tables, 9 figs., 123 refs. 
Photometry. By H. Buckley: 20 p., 96 refs. 
Discharge phenomena in gases. By R. 
Vinstanley Lunt, A. von Engel and J. M. 
feek: 30 p., 143 refs. in 4 parts. 
{Asterisks (*) denote subjects not cov- 
ered in preceding volumes, ] 
This volume is the first one with an index 
t the back. It is an author index—specifi- 
ally an index of the authors cited in the 
hirteen bibliographies. The need has been 
nd is for a competently-prepared subject 
ndex; but this reviewer knows from expe- 
rience that only a physics-trained librarian 
ould be entrusted with this work, that it 
vould take one man at least three weeks 
to do the first part of the job, and that the 
jletails would take another two weeks even 
in the most competent hands. So packed 
with information is each annual volume of 
this series that a really adequate subject 
index would probably fill ten pages. What 
this reviewer now hopes for is a Cumulative 
Index to the first eight volumes, Here is a 
project which could be carried through in 
America where Technical Librarians are so 
numerous and so well organized! 
Nevertheless we can repeat again: “No 
physical research laboratory is completely 
equipped if it lacks this volume and its 
precursors.” —M. F. BEHAR 


astrophysics. * 


DIRECT CURRENT CIRCUITS. By EARLE 
M. Morecock. Rochester Technical Series, 
Harper & Bros., New York, 1944. Cloth, 
6 X 9 inches, 387 pages. Price $3.25. 

This text has been prepared by the author 
with the specific purpose of making possible 
the training of students in industrial classes 
on basic electricity. The text is provided 
primarily for Industrial and Extension 
Course Schools where students may not have 
had the advantage of extensive mathemati- 
al training. The student entering this course 
is only required to possess a working knowl- 
edge of algebra and logarithms. A complete 
avoidance of higher mathematics has been 
attained in the writing without injuring the 
general texture of the technical material 
treated. In keeping with the generai series 
of technical texts prepared by the faculty 
of the Rochester Athenaeum and Mechanics 
Institute, the text is well-rounded and clear- 
ly written, although in some aspects admit- 
tedly brief, the subject-matter being chosen 
with a view to providing a well-rounded 
training within the limits of definite occupa- 
tional objectives. As is typical of texts of 
the briefer and less formal variety, a good 
jeal of laboratory work is combined with 
the training course. A foreword gives sug- 
gestions for study and laboratory procedure, 
vith some brief notes an the use of measur- 
ing equipment, 

The opening chapter, “Elementary Elec- 
trical Circuits,"* sketches the historical back- 
sround, with some underlying theory. The 
heoretical exposition, unfortunately, is not 
ilways correct in the light of modern-day 
physics. Reliance is placed on the usual 
iydraulic analogues for potential difference, 
urrent flow and resistance. 

Circuit elements used in figures are in 
onfirmation with the standards chart of 
the A.I.E.E., while Ohm’s Law is well cov- 
red. Problems in resistance networks are 
vell handled through the use of simple con- 
luctance formulae, while a well-chosen series 
of review questions, problems and laboratory 


experiments round out the chapter. 


Magnetism and electromagnetism are cov- 
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pump or system. 
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nn weit to hatin ered from a practical standpoint with clk re 
; - * om photographs and line drawings illustratir e 

y 4 the usual basic phenomena. Brief laborato tat 

PRECISION MOTORS experiments, review questions and proble1 up 

terminate the subject. t il 

= \ E A brief chapter on measuring instrumen pi 

e 4 and methods describes functions of measu ict 

for important : ing equipment, ranging from the d’Arson\ 3 

salvanometer to the Wheatstone bridge ar ther ¢ 

e é ° laboratory potentiometer. Later chapters « mo 

instrument applications conductors, insulating materials and ba voli 

; teries are briefly covered with pertinent re numb 
view questions and problems appended t jo 

—_ its each chapter. iple 
Chapter seven, “Other Electric Circuits hv-ste 
The Bodine Type NSE 13 series The functioning of many preci- i of moat importance to the serious studer The 

wound motor combines good ef- ; _ a the author giving detailed use of Kirchhoff to 
ficiency and high speed to pro sion instruments is often so fast Laws and their application to network sol ase 
duce maximum output. It has a that accurate manual operation is tion involving direct currents and potential aso 
high starting torque. Speed is out of the question. Motor opera- Detailed workings of problems are includ: reui 
ee roo on load or tion is essential. with step-by-step working of the simp! Itho 
—_ = The selection of the motor is algebraic equations involved, without re cor 
TYPICAL APPLICATION important. The motor must be course to determinant methods. 1 80) 
Galvin Twin Gasoline Heater ‘suited to the application. It must Pres gts ae ren ae igen ae te 
for heating such equipment as be correct in size and type to meet Per glk ei agi pg oe ee he 
motorized Army trailers. Two : available calculation of problems entailin Pol 
Bodine motors drive blowers and instrument requirements. It must, magnetic phenomena, while some space throu 
control the fuel pumps. above all, be dependable. given to brief description of measuring ay lex 
For 40 years Bodine has manu- paratus common to the magnetic laborator nd 
factured dependable, fractional The final chapter, on Electrostatics, | hapt 

horsepower motors to precision well-written, with concise and brief descri} An 

tion of charge and capacitance calculatior 3 a 

standards. Instrument manufactur- Ria ch atriggtent : 

teview questions, problems, and some lat ppen 
ers can therefore have complete oratory experiments terminate the chapte1 cathe 
confidence in Bodine quality and An appendix treats laboratory report functi 
in the Bodine engineer’s recom- writing and graph plotting; while a signifi ncliud 

mendation for correct motor se- cant tables concerning resistivity and ten ould 
lection. Bodine Electric Company, perature coefficient of metals and alloy aphy 
2244 W. Ohio St., Chicago 12, Ill. wire tables, and tables of electrical symbo who ¢ 
and conversion factors are included. be pe 
A nicely prepared index terminates th n the 
volume. The reviewer has noted some typ« rraph 
graphical errors, while some re-editing o clear | 
FRACTIONAL MOTOR the technical material is recommended with | 
‘ Printing is legible on good paper stock an f gor 
HORSEPOWER in general the volume should be of interest additi 
i to prospective students in accelerated train mn ele 


ing programs. 
-THEODORE A. COHEN, Vice-Pres 
Engineering and Research, Wheel 
co Instruments Co., Chicago. 


TEST INSULATION ALTERNATING CURRENT CIRCUITS EXT 










THE MODERN WAY AMT bal ‘@) Rp By Farite M. Morecock. Rochester Techni COMI 
cal Series. Harper & Bros., New York, 1942 H. Sc 

Cloth, 6 X 9 inches, 175 pages. Price $2.75 Broth 

TENSILE STRENGTH This companion volume to “Direct Cur inches 

rent Circuits” by the same author is in The 

T iz S$ T a R Ss tended as a succeeding volume in the series mend: 

of technical tracts prepared by the faculty labora 

of the Rochester-Athenaeum and Mechanics Comm 

for Institute for the instruction of industria] is bro: 

classes. “Alternating Current Circuits” has perien 

been prenared for those students whose to pre 

PAPER mathematical background is, of necessity art. T 

CORDAGE incomplete and does not extend beyond +: guidar 

RUBBER working knowledge of algebra and trigo recele 

nometry. It is, of course, a pre-requisite that cs, H 

LEATHER the student have a good knowledge of worl nique. 

WIRE in direct current and magnetic circuits. Al- ing of 

though even a cursory knowledge of calcu necess 

FLAT MATERIALS lus is normally a requirement for a well- labora 

founded study of the usual alternating cur- review 

e rent phenomena, the author has admirably tion of 

avoided it. In those cases where a-c. circuit pertin¢ 

eee WITH A concepts and equations customarily require encour 
MODEL B-5 PAPER FOLDING ENDURANCE TESTER the calculus, such exposition is handled ing cu 
r= graphically. Since the volume is for indus- The 
BURSTING TESTER trial classes whose members may have had such t 


SEG GHMER MICROMETERS (POCKET and DESK) no previous formal training, many sugges uring 
PAPER BASIS WEIGHT SCALES tions for study and laboratory procedures lation, 


a are included. This is to be highly commended lata ¢g 
NEW BATTERY VIBRATOR TYPE CORDAGE SCALES givine suggestions for labora- while 


A foreword 








No more tiresome cranking of a hand-driven ALUMINUM FOIL SCALES tory procedure and technique is drawr streneé 
generator. Entirely self-contained. Steady briefly and concisely. It would seem, how menta) 
test potential of 500 volts D.C. available COMPUTING SCALES ever, that this foreword could be exnanded Sucl 
at the touch of a switch. Direct reading in RUBBER ABRASION TESTER considerably in the Interest of the student orator, 
insulation resistance. Various new models DEAD WEIGHT a ig ee piel agg Soo pep 
and ranges. PRESSURE GAUGE TESTER description and examples of simple phenon whose 

Write or phone for Bulletin 430 TACHOMETERS ena. In the reviewer’s opinion, some of thé vith d 
INDICATING and RECORDING included material might be deleted in favor Electr 

HERMAN H. MERCURY COLUMN GAUGES of material more significant to the earl tained 
e study of a-c. circuits. Review questions also ir 

é eich A M T be oO ia problems, and significant laboratory experi- signific 

ments complete the chapter circuit! 

COMPANY, INC. TESTING INSTRUMENT co. INC. The ollowine chapter, “Vectors and Com- Com 

id \ i ae \es NEW YORK, N. Y 48 Van Sinderen Ave., Brooklyn, N. Y. plex Quantities,” is of scope sufficient for direct- 
the purpose intended. Vector diagram struc- eating 
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cle re and methods of working trial problems WHAT 
atir e well illustrated, while complex number do you need 







































ato tation is well described. The reviewer was 
dler uppointed to note that this chapter did 
t include a description of process of tele- e 
nen ping and quading, while trigonometric im a PYROMETER 
asu functions and logarithms of complex num- 
on\ s seem necessary to the student. A fur- SENSITIVITY RESISTANCE 
> ar ther expansion of the chapter should include 
rs more detailed description and use of the DURABILITY SIMPLICITY @—— 
ba volution and evolution of the complex 
“ ¥ number, which is only cursorily treated. Of Engelhard Direct Deflection Indicators have all these features . . . Accurate sensi- 
ela rage peices Feacser sane pics tivity to the most minute voltage variations due to suspension type construction .. . 
site : en gent Ms se ag eet High resistance per millivolt and no appreciable error when used with thermocouples 
der The rematader of thn botk ts éivided of different resistances and on connecting leads of consid- 
hoff to phenomena in single-phase and poly- erable length . . . Sturdy construction, adapted to use under 
at phan a = pease: severe conditions without danger . . . So simple that instant 
a asonably we ustrated by appropriate readings may be made directly in either millivolts or tem- 
rcuit diagrams and vector representation. ope . Sane 

mp! Ithough the reviewer is not in complete peratures by someone unfamiliar with the principles of pyrom- 

re ‘cordance with the over-simplified wording etry . . . On kilns or furnace installations, where “spot 

1 some explanatory statements, it may be readings" are desirable—the Engelhard Rotary Switch permits 

—_ ( iat this was desired by the author in view separate readings from many points. 
lake f the training program contemplated. 
lin Polyphase problems are well worked out 
ce through the use of vector algebra and com- Write for 
y al lex number notation, with review questions Catal 
tor nd problems appended at the end of the alalog 
Ss, } hapter. 
cri} An appendix on laboratory report writing PORTABLE 
tior s a thoughtful inclusion, while a second MODEL P-1 

lab ippendix treats graph plotting and data 

pter gathering. Tables of natural trigonometric 

port functions as well as squares of numbers are WALL 
rnifl ncluded. The index is rather brief and TYPE 

ten ould be expanded considerably. A bibliog- w-l 

loy -aphy would be advantageous to the student 

ibo who desires references. Some editing could 

be performed to good purpose, especially 

th n the case of certain equations. Few typo- 

yr graphical errors were noted. The writing is 

. . clear and concise, although admittedly brief, 
der with clear, legible printing on paper stock 

an if good quality. The book should be a good CHARLES E N GELHAR D, INCORPORATED 
prest addition to the beginning student’s collection 90 CHESTNUT ST. NEWARK, NEW JERSEY ; 
rain on electrical subjects. 

-—THEODORE A. COHEN, Vice Pres. 

Pres Engineering and Research, Wheel- 

heel co Instruments Co., Chicago. H 
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ITS EXPERIMENTS IN ELECTRONICS AND ai | 
‘hni COMMUNICATION ENGINEERING. By E. ‘ 









































949 H. ScHULTz and L. T. ANDERSON. Harper & 
2.76 Brothers, New York, 1943. Cloth, 6 x 9 S 
Cur inches, 380 pages. Price $3.00. B A S T | A N’S 
in The authors have presented a highly com- 
ries mendable compilation of experiments for " 
ulty laboratory work in Electronic phases of i | 
nics Communication Engineering. The collection & 8 | 
trial is broad in scope and amply reflects the ex- Meare ’ 
has perience and ability of the author educators 
hose to present student material in a complex 
sity art. The material is expressly prepared as APPLICABLE TO ALL TYPES OF PRODUCTS 
id ¢ guidance for projected laboratory work in ; 
igo accelerated training programs in Electron- Whether a stove, refrigerator, an aircraft computor 
that cs, High- and Ultra-high Frequency Tech- ‘ : ‘ ‘ 9 " ron 
east nique. Such accelerated programe for train- dial, radio or parking meter—Bastian’s INDUSTRIAL 
Eo ween ape oe cag ee aggro PARTS in plastic or metal have what it takes to fill 
I ssary a cons ré Sé 

vell- | laboratory work but, in the opinion of the the bill. Plastic parts can be printed in any number 
cur- reviewer, the skillful selection and exposi- , eal : oa ; 
ably tion of the subject-matter has resulted in no of colors—metal, in any 
cuit pertinent omissions, such as are frequently desired finish. 
uire encountered in accelerated technical train- 
dled ing curricula. 
Jus- The opening chapters are concerned with , 

had such basics as laboratory technique, meas- Just clip the coupon be- 
Fes uring instrument application and manipu- Ad low, fill in and mail to 
lure lation, apparatus protection and cautions, ws us, we'll send free book- 
ded lata gathering, observation and significance, c let ee “- “ae ! 
ora- while tabulation and curve plotting is WS et, prices ee Sai p.Ss 
LWT stressed as an important portion of experi- by return mail. 

ow mental deduction. 
ded Such basics are rare to a volume of lab- 

ent oratory experiments and should not only 

the stand the trainee in good stead, but should B e T | N 
rief be of great benefit to the practicing engineer A A 

on whose basics have become somewhat rusty NAME 

the with disuse. Tables of electrical symbols in 

ive > axis Roa ; : Pe ae Ce 

\vo Electronics and Communications are con- e e 

‘ly tained in the collecti seft ata whicl 

aa — Fate pager neces Dompes oe owt cays . Fy COMPANY _____ 

4 ane ; - age btn) Sa Serving the trade since 1895 

eri- significant components of communication CITY 

circuiting. 

om- Common laboratory apparatus, such as Rochester, N. Y. 

for direct-current and alternating-current indi- 

ruc- eating instruments are described, while uses 
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of the ordinary Wheatstone bridge in the 
experimental laboratory are briefly covered. 

Advanced apparatus, such as capacitance, 
inductance, and impedance bridges, is cur- 
sorily covered with scope sufficient for the 
limitations of the intended work. 

More significant work for the advanced 
student in Communications, such as Gain 
Measurement, Network Theorems and Trans- 
mission-line problems, is skillfully set forth. 

A chapter dealing with cathode-ray os- 
cillograph uses, applications, and condensed 
theory, is nicely assembled, and is placed 
in a significant portion of the curricular as- 
sembly. 

Laboratory work on oscillators and am- 
plifiers might be expanded to some extent, 
but probably at the expense of other perti- 
nent materials, such as the fine data on such 
later Ultra-high Frequency devices as the 
Klystron, and other velocity-modulated os- 
cillators. 

A final chapter on Transmission-line work, 
including antenna arrays, field patterns and 
wave guides, rounds out a well-conceived and 
executed whole. Individual experiments in- 
clude, where pertinent, brief mathematical 
exposition with significant formulae at sec- 
ondary-school algebra and_ trigonometry 
level. Brief bibliographies of important ref- 
erences are available in the form of experi- 
ment terminating footnotes. 

A rather limited index (which could be 
greatly expanded) terminates the book, 
while it would seem that some care in edit- 
ing of the data presented would have pre- 
vented such obvious errors as the given 
expression for the square wave form: 

e = Esin ot + £/3 sin ot + B/5 sin ot +... 
rather than: 
4E 
e — — [sin wt + % sin 3ot + 
7 
~ % sin 5ot + ...] 

Some circuit diagrams and wording re- 
quire correction, but considering the scope 
of the work, and the possible issuance of a 
satisfactory errata sheet, the work should 
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find a worthy place in the library of both 
student and professional engineer. 

The printing is highly legible, the style of 
expression clear, and mathematical expres- 
sions where used, nicely expounded. 

—THEODORE A, COHEN, Vice-Pres. 
Engineering and Research, Wheel- 
co Instruments Co., Chicago. 


ELECTRONICS FOR BOYS AND GIRLS. 
3y JEANNE BENDICK. McGraw Hill Book 
Co., New York, New York, 1944. Cloth, 5% 
xX 8 inches, 144 pages. Price $1.50. 

A cleverly written volume, well-conceived 
and covering a sufficient subject breadth to 
enable the reader to get a broad vista of the 
wonders of Electronic Mechanism without 
struggling through a ponderous tome, this 
book is written in the popular manner with 
an interesting simplication of language and 
technical terminology. The author has put 
within the grasp of the average teen-age 
child a large fund of knowledge. A facile 
ability for illustration, by means of about 
200 amusing hand-drawn sketches, puts the 
antics and migrations of the electron into 
the realm of faery province. 

Such interesting and entertaining state- 
ments as “The smallest thing you have ever 
seen is millions of times bigger than an 
Electron,”’ opening the first chapter of the 
book, are among many informal chatty com- 
ments the author uses to construct a cohe- 
sive and colorful panorama of a vast art. 

The chapter contents range from “What 
is an Electron” through “Electron Mechan- 
ism in Industry,” to “Electronic Develop- 
ment of the Near Future.” 

Although the book is not meant as a scien- 
tific text by any manner of means, its meth- 
od of presentation and the scope of the 
material should make it amusing and in- 
structive reading even to the mature layman. 
A nicely arranged glossary, a bibliography, 
and a well-prepared cross index, terminate 
the book. 

-THEODORE A. COHEN, Vice-Pres. 
Engineering and Research, Wheel- 
co Instruments Co., Chicago. 
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City, Society and Secretary Date Place Subject Speaker T 
Atlanta, Georgia Society for Robert E. Geminert, P.O : 
ia Measurement & Control Box 1714, Atlanta | 
Baltimore, Baltimore Industria! In- L J Seglets, 35 S. Potomac Engineers Club, 6 W ; + ae 2 V 
Maryland srumentation Society . Bal umore 24 Fayette St., Balto | 
Chicago Society for A. J Butler, ‘¢/o IHC, “262 “yi Apr. 2" ~ MeeM Club, 237 ‘Behind the Instrument L. F. Parachini, | 
Illinois Measurement & Control W. 31st Bivd., Chicago Merchandise Mart Dial We eston n E lec. Instr. Co 
Cleveland, Cleveland Instrumenta- WwW A Stubblefield, 2085 wv. Cleveland Engineering 
Ohio tion Society 104th St., Cleveland 2 Society 
Fort Worth, Fort Worth Electronics Ralph Ely, 1116 E. Arlington Texas Hotel, Fort Worth 
Texas Club Fort Worth 


Gulf Coast Gulf Coast Instrument 3 H Pierson, 3030 Roberts 
(Texas) Maintenance Men'sAse'n St., Beaumont, Texas 


















































Hartiord, ~ Hartford Society for Ss xe Zelle, Bridgeport Ther- Mar. 20°) Bond Hotel Electronics, Fad or Servant Dr. Paul G. Weiller 
Conn. Measurement & Control mostat Co., 1225 Connecticut Apr. 17(®) Bond Hotel Instruments in Crime Speakers from Conn. 
Ave., Bridgeport, Conn. Detection State Police 
May 15(®) Bond Hotel Automatic Temperature C. O. Fairchild, C. J. | 
Control Tagliabue Div. 
Kansas City, KC Industrial Instru- Gordon H. Burke, 1527 Broad- Bluebird Cafeteria | 
Missouri mentation Society way, Kansas City, Mo 
Los Angeles, California Instrument M. D ‘Pugh, 298 ) L ir coin | 
Calif. Society Ave., Altadena, Calif | 
Newark, Society for Measurement Robt. H. ‘Gray, 1 Whippoor- Apr. 3(®) Essex House Problems in Unionized J. J. Maguire, 
N. J. & Control (New Jersey) will Way, Mountainside, N.J Instrument Department Wright Aero. Co 
New York, New York Society for H L. Hilde <a nd, 2 207-07 Mar. 27‘®) Columbia U. Men's Faculty New Instru umentation a W. S. Sweeny, | 
N. Y. Measurement & Control 33d Ave., Bayside, L.I.,N ry Club, 400 Ww. 117th St. Metho ds i in n Pet tr'm a In d'y Esso ) Labs. | 
N. Indiana Northern Indiana Soc. for K. M. Frame, 25 Ruth St. 
Measurement & Control Hammond, Indiana ee e Si 
Philadelphia, Philadelphia Society for G.E. Gress, c/o ATC,34E. Mar. 21) Engineers Club, 1317 Instruments for Photo- F.A Tom pkins, is e 
Pa. Instrumentation Logan St., Phi uiladelphia Spruce St. graphic Recording Eastman Kodak Co. colu 
Pittsburgh, American Society for L.M Susany, c/o Carnegie Mar. 26) Roosevelt Hotel ‘Combustion Control W. Pray, Askania Reg. pi 
Pa. Measurement & Control Institute, 4400 Forbes St., Apr. 23‘®) Roosevelt Hotel Surface Finish Instruments W. Mikelson, G.E. onaie 
Pittsburgh 13 May 28°") Roosevelt Hotel Process Control W. B. Heinz, Cochrane (illu: 
St. Louis, St. Louis Society for Gus Holubeck, Union Elec- @ S 
Me. Instrumentation tric Co., Venice, Ill. ee | The 
Toronto, Canadian Society for +} C. Agnew, ‘Mi inneapolie- Diana Sweets, 188 Bloor Sixth 
Ontario Measurement & Control _ Honeywell Reg Co. St. W., Torento Old 
Washington, lastrussent Society of W. A. Wi ildhack, Natic ynal Mer. 20°) Interior Dep't Auditorium 
o> & Washington Bureau of Standards, Wash'n 
Wyandotte, Instrument Society of D. J. McCloskey, 116 Oak Mar. 26) West Mound Methodist The Foxboro Electronic Don M. Nielsen 
Mich. Wayne County St., Wyandotte, Mich. Church Potentiometer 
(A) Meeting at 7:30, no dinner (B) Dinner at 6:30, meeting at 8 (C) Dinner at 7, meeting at 8 (D) Meeting at 8, no dinner 
CHICAGO new committee members were appointed for KANSAS CITY C 
The February 5th meeting of the Chicago the following committees: At the February 27th meeting of the 
Society for Measurement and Control was Finance Committee: Gordon H. Burke Kansas City Industrial Instrumentation So- 
well attended to hear a talk by Mr. W. J. (Burke Engineering Company) Chmn.; ciety, Joe Spacek of Aluminum Company of 
McDonough, Sales Manager of Northern Baker Manley (J. F. Pritchard & Co.); Roy America presented a basic lecture on “Pre- 
Equipment Company of Erie, Pennsylvania. Carns (Sinclair Refinfling Co.). vailing Errors Resulting from Using Com- 
Mr. McDonough gave us a most inter- Constitution & By-laws: Joe Spacek (Alu- pensating Lead Wire with Chromel-Alumel 
esting talk on The Theorv of Boiler Feed minum Company of America) Chmn.; Larry Thermocouples.” Joe did a swell job of dem- 
Water Control along both theoretical and Siler (Hercules Powder Co.) ; R. J. Hunter onstrating how a little night work with some 
practical lines. He made use of a number (Standard Oil Co.). of the Bureau of Standards reports can en- 
of slides showing various graphs and pic- Membership Committee: Robert Cooke able instrument men to solve some of their 
tures of installations of various types of (Westinghouse) Chmn.; Gene Preston (York everyday problems on pyrometry. 
boiler feed water level controls and the Midwest Corp.); Oliver Boutros (Boutros Our Quiz Kids, Harold Sullivan (Sullivan- 
points discussed were very enlightening. Instrument Co.). Mears), Robert Hunter (Standard Oil), 
The graphs portrayed very clearly the re- Meetings ¢€ Programs: Lester Johnson Henry tisk (Hercules Powder), and Larry 
lationship of the requirements of the boiler (Sinclair Refining Co.) Chmn. ; Bash Nich- Siler (Hercules Powder), just couldn’t be M 
for feed water requirements as well as the ©S (Pratt & Whitney Aircraft); James stumped. ' ‘ . e 
close relationship of feed water controls for Glenn (Pittsburgh Equitable Meter Co.). _ E. K. Welch, the St. Louis representative, a 
variable load conditions. Rhein Benninghoven of Republic Flow introduced our guest speaker, Dr. W. N. 
Various types of feed water controls were Meters Company presented a basic lecture Greer of Leeds & Northrup Company. Dr. 
covered in the explanation given by Mr on “Primary Flow Devices.” Benny did a Greer’s talk on pH measurement and con- 
McDonough with the use of a number of bang-up job of explaining the history, de- trol created considerable interest and 
slides. These covered the simple types, as velopment and application of the various’ brought up many questions and answers in 
well as the more complex types with greater primary flow devices. the hour’s discussion which followed. Dyn 
flexibility for feed water control with ex- Our Quiz Kids, Baker Manley (J. F. Approximately sixty members and guests mete 
treme load change requirements. Pritchard & Co.) ; J. D. Marsh (Corn Prod- attended _this meeting. Bill McQuilkin of sens 
In the discussion that followed the deliv- cts); R. J. Hunter (Standard Oil); R. R. J. KF. Pritchard & Company introduced a D.C 
ery of Mr. McDonouch’s talk, the points oc- ©0oX (Phillips Petroleum) ; hit all of them special guest, Captain K. C. Chow of the . 
ofl tee B-ghe > rt ames Pugh of Standard Chinese Air Forces. —W. A. REICHOW met 
casioned a very lively type of interest and te } home eat ; ao eon I or ggen cnn a ae - ove! 
} scussi “ove ; ; 4 1 Jompany had a tot rt ynic yas a - — 
a eacuuninmane tails aedeiaiing tome little too hot for the boys to handle. LOS ANGELES eart 
Mr. Mc Donough’s talk on boiler feed wa- Our guest speaker, William P, Myers of On Tuesday evening, February 6th, at the etc. 
ter control was very much appreciated by the Brown Instruments Division of Minne- Town House in Los Angeles, the third or- 
the Chicago Society and many of the points apolis-Honeywell Regulator Co., came over ganizing meeting of the California Instru- Sp 
which he brought out in his discussion wil] from St. Louis to explain the new “Elec- ment Society was held, with about sixty-five 
no doubt be beneficial to many of the mem- ‘tronik” method of temperature measure- present. A constitution, tentatively adopted RA 
bers and guests who were present for the ment. If anyone wants an explanation of at the previous meeting, was approved. Offi- 
meeting —GorDON R. THomason the usually complicated theory of electronic cers and councillors were elected for the i INS 
circuits so that the average man can under-_ ensuing year: | 
ceed stand them, just call on Bill, for he can President: Wm. B. Warren, Warren & | 110 
KANSAS CITY certainly do it. It was a grand talk, and Wunderly. 
At the January 30 meeting of the Kansas very much appreciated by all members and Vice President: W. K. Rieber, Frank | New 
City Industrial Instrumentation Society, guests, totaling 56. —W. A. REICHOW  Rieber, Inc. Continued on page 208 
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For Extremely Close 
Temperature Control 


Visual-Stats 





@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. : Philadelphia 


Oldest Thermometer Manufacturer 
in Philadelphia 














REMINGTON ARMS CO. 


CHRONOSCOPE 





Measures Time Intervals 
1 to 200 Milliseconds 
1°. Accuracy 
Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 





+0.000,005” 
ea You may never need such 
ITP pr 


_ close tolerances, but five- 
1 millionths of an inch is 


standard for certain lenses 







and optical flats madeinour 
shops... and sets the standard for all our craftsmanship. 
Kollmorgen devoted a quarter-century to the develop- 


ment of the periscope, gave the U. S. Navy the best 


MIA 


periscope extant, has supplied more than any other maker. 
Periscopes, navigation and fire control instruments engage 
all our production facilities today. 

Tomorrow, Kollmorgen research will be ready for the 
problems of industry, science and education . . . and 
Kollmorgen staff available for precision manufacture in 


optics and mechanics, glass and metals. . Inquiries invited. 


KOLLMORGEN OPTICAL CORP. 


— 
2 Franklin Avenue \ Moree Brooklyn 11, N.Y. 
——_ 
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Post War 
Clock Movements 


by 


CHELSEA 














Our production of special clock 
movements and clockwork mechan- 
isms for recording instruments must 
wait until this war is won. Meanwhile, | 
we would welcome the opportunity | 
of working with you in developing 
your post-war designs. 

Remember, Chelsea has been mak- 


ing special movements for recording 


instruments for many years. ‘ 
electronics. 


MOISTURE CONTENT 


of lumber checked in 


THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 


Buy 
Another Bond 
Today 





CHELSEA 


Calibrated with a direct per- 
centage reading dial, with a 
range from zero to 25 per cent. 
Completely portable and self- 
contained, Anyone can oper- 
ate it. 











INSTRUMENT COMPANY 
| 110 Potter St. Cambridge, Mass. 


| New York, N. Y. Chicago, Hl. 


CLOCK COMPANY Write Dept, | today for complete information. 
385 EVERETT AVE., CHELSEA 50, MASS. | MOISTURE REGISTER CO. 


—— 133 N, GARFIELD AVENUE, ALHAMBRA, CALIF. 
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Treasure? F. H. Cole, Jr., Cole Instru- in the absence of President R. J. S. Pigott 
ment Co ind Vice President Paul G. Exline. 

1 Milo D. Pugh, Instruments A report on the Chicago meeting for the 
Publ ing Co National Organization was submitted by 

Cour lors for two years 4. O. Beck A. H. Shafer (Delegate), Richard Rimbach 
mal National Technical Labs George (Alternate delegate). The name of the Na- 
Dowr California Institute of Technology tional Society as selected by the delegates 

Councillors for one jea Frederick Ire- at Chicago is to be “Instrument Society of 
land, General Radio C Richard G. Leit- America” and a meeting of chapter dele- 
né I nk Rieber Inc a. Drescher, gates will be held in Pittsburgh on April 
i 1 Construction C 28, 1945. 

k wing the business meeting a film on An announcement was made by the Sec- 
tk t y of Metal Bellows Ww shown retary regarding the Exhibit and Confer- 
R lar monthly meetings are planned. ence to be held September 17-21, 1945. A 

M. D. PucH total of 90 booths have been sold by the 
Exhibit Committee to 61 Exhibitors for 
PITTSBURGH $10,295.00. Only one booth remains unsold. 

The February meeting of Th American J A. Pellettere, Chief Instrument Engi- 
Societ f Measurement and Control was neer of Gulf Oil Company spoke on the sub- 
held at Roosevelt Hotel on Monday evening ject of “Inter-connected Control Instru- 
Februar 26. The meeting was conducted ments.” The speaker covered a plurality of 


by A. H. Shafer of The Foxboro Company instruments showing some 50 slides repre- 


Weksler Submarines 


WEKSLER SUBMARINE THERMOMETERS, as their 
name implies, are compactly designed, ruggedly con- 
structed, highly efficient instruments that take up very 
little space in their application. Built to strict U. S. 
Navy specifications, these highly accurate and durable 
little thermometers should prove extremely useful in 
many industrial uses. 


Cast bronze, black oxidized, '"V" shape case 
measuring only I'/g inch wide by 6-9/16 
inches deep. Silvered scale with easy-to- 
read numerals and divisions. A removable 
No. 140, plate glass front protects the tube and 
Straight scale. Supplied in various ranges and with 
Stem all |e > stem angles illustrated. Let us tell you how 


sens o these tough and accurate little Weksler 
parable 


Socket. Thermometers can render a valuable serv- 
ice in your industry! 


We specialize in the manufac- 
ture of instruments to accurately 
indicate and record Temperature, . 
Pressure and Humidity — those 
important factors in industrial 
research, manufacture and oper- 
ation. We earnestly solicit your 
inquiries. 


No. 142, Reclined 
Angle Stem, Class 
“b'' Solder Socket. 


No. 143, L. 
Side Angle 


Stem, Class 
No. 141, Back Angle "b" Separa- 


Stem Class ‘'b’’ Separ- ble Socket. 
able Socket. 


WEKSLER THERMOMETER CORP. 
52-56 West Houston Street 
NEW YORK 12, NEW YORK 
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senting several manufacturers. Includ 

were some interesting features of ratio 1 

strumentation as applied to the refine 

where process, combustion control ar 

valve factors are primary problems, M 

Pellettere has classified inter-connected i 

struments according to the following tabl 

1. Combat poor system or valve characte 
istics. 

2. Simple ratio instruments. 

Provide selectivity or override. 

4. To provide invisible limits, namely lir 
its actually built into control instrumer 
Provide safety features 
(a) Limits 
(b) Override 

1. Instrument in service 
Double diaphragm 
3. Selective relay 
(c) Sequence timer 

6. Compensate important variables. 

The dinner preceding the meeting was at 
tended by eighty members and guests; an 
there were 140 for the meeting. 

L. M. SUSANY 


WYANDOTTE 

The February meeting of the Instrumer 
Society of Wayne County was one of o1 
best. There was the usual grand countr 
dinner served by the ladies of the churc} 
where we meet, namely the West Moun 
Methodist Church. 

Our library shelves are now establishe: 
and everyone interested is urged to lool 
over our collection and make suggestior 
as to other books and catalogs to be adde 

There was discussion of the proposed na 
tional instrument society, and a motion wa 
passed to send Mr. Baker, our President, a 
a delegate to the Pittsburgh meeting or 
April 28. 

The group was much interested in Mr 
Early’s slides and talk on Askania Control 
The fundamental principle and the applica- 
tion to combustion problems and other pres 
sure and ratio jobs brought out numerous 
questions and much discussion. 

—JOHN MACPHERSON 


WASHINGTON 

At the February meeting of the Instru- 
ment Society of Washington, Mr. L. F 
Crabtree, of the Automatic Electric Com 
pany, gave a discussion of the Design and 
Application of Electromagnetic Relays, il- 
lustrating the talk with diagrams and de- 
sign charts. He showed schematic drawing 
of special circuits utilizing relays for count- 
ing, interlocking, and cycling. 

An informal communication on Design of 
Corrugated Diaphragms was presented by 
Dr. W. G. Brombacher, Chief of the Aero- 
nautic Instruments Section of the National 
Bureau of Standards. 

The first issue of the Society’s newsletter 
was distributed during the month to the 
membership, which now totals more thar 
two hundred. —W. A. WILDHACK 


NEW SPECTROGRAPHERS’ SOCIETY 

On January 22, the first meeting of the 
Detroit Spectrographers’ Society was called 
to order by Mr. Jess Toth, Chairman Prix 
tem, at the Rackham Memorial Building. 

This newly formed Society has for its 
purpose the dissemination of knowledge per- 
taining to spectrochemical analyses and to 
assist in the development of improved 
methods and technique as its affects not 
only the science of spectroscopy but the re 
lated sciences such as chemistry and elec- 
tronics. 

The meeting was devoted to organizatior 
and the following officers were elected: 

Chairman: William Edgar, Federal Mogu! 
Corp., Detroit. 

Vice Chairman: Dean E. Shields, Pack 
ard Motor Car Co., Detroit. 

Secretary: M. M. White, Harry W. Die- 
tert Co., Detroit. 

Treasurer: E. A. Boettner, Wyandotte 
Chemical Corp., Wyandotte, Mich. 

Executive Council: R. E. Nusbaum, Gen- 
eral Motors Research Laboratory, Detroit; 
John Schuch, Harry W. Dietert Co., Detroit 
William Sundwick, Ternstedt Mfg. Division 
Detroit. 
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Interval Timers 


Process Timers 


| Signa Timers 


ae ae 


| Relays 


ee 
= Write 


AUTOMATIC 


—=—— ELECTRIC — 
MANUFACTURING co. 


MANKATO, MINNESOTA 



































Contains detailed 
descriptions of models 


we re now making 


We Manufacture... 


Volt-Ohm Milliammeters 
Insulation Testers 

Signal Generators & Tracers 
Industrial Analyzers 

Voltage Testers, etc. 


Superior Instruments Co. 


Dept. 158 
227 Fulton St., New York 7, M. Y, 


Seeceeseeserertreeeersecee SPRACHE SS SSeS eeseEeeeeeeeeeeReseBeneses 








SPECIFICATIONS 


SZandoeds 


U.H.F. STANDARD SIGNAL 
GENERATOR MODEL 84 


CARRIER FREQUENCY: 300 to 1000 megacycles. 
OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 
OUTPUT IMPEDANCE: 50 ohms. 


MODULATION: SINEWAVE: 0— 30%, 400, 1000 or 2500 
cycles. PULSE : Repetition—60 to 100,000 cycles. Width— 
1 to 50 microseconds. Delay—0O to 50 microseconds. Sync. 
input—amplifier and control. Sync. output—either polarity, 


DIMENSIONS: Width 26”, Height 12”, Depth 10”. 
WEIGHT: 125 pounds including external line voltage regulator. 








= 
= 











MEASUREMENTS CORPORATION 


BOONTON + NEW JERSEY 











PORTABLE 


WHEATSTONE BRIDGE 





A high grade instrument for measuring re- 
sistances from a fraction of an ohm to 10 
megohms, Contains a 4-dial rheostat, ratio 
dial, galvanometer and battery, all enclosed 
in a substantial walnut case. Nine coils per 
dial. Accuracy .1%. Built to endure. 


Cat. No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops. $90.00 


Cat. No. 1050—Portable Wheatstone Bridge 
with Murray and Varley Loops. ..$110.00 


Send for Bulletin No. 105 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 

















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
f ree. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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AVAILABLE 
NOW! 


Cellular Rubber 
SHAPES AND FORMS 





Cellular rubber products are avail- 
able — made to order in sheets, slabs, 
strips, cord and tubing, and in specially 
compounded and molded shapes and 
forms. 

You can save time and facilitate pro- 
duction by using cellular rubber for... 
sealing ... insulating ... sound- or vi- 
bration-dampening . . 
ping.. 
be made resistant to gasoline, oil, or 


weatherstrip- 
. cushioning ... gasketing. May 
corrosive vapors. 

, Three types: SPONGEX* with in- 
terconnecting cells. CELL-TITE* hard 
or CELL-TITE soft with individual 
cells. Also rubberized curled hair or 
bound fibre forms for packing delicate 
instruments. Send for samples. 


*Trade Mark Registered U.S. Pat. Off. 


Sponge 

Rubber 
roducts 
ompany 


236 Derby Place, Shelton, Connecticut 


WORLD’S LARGEST MANUFACTURER 
OF CELLULAR RUBBER PRODUCTS 
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In this department we report new literature pertaining to Instrumentation, received from +! 
manufacturers. To assist in the War Effort we urge readers to request ONLY those bulletir 
which will be of value to them. Use the coupon on the facing page. 





M-66 Portable Electrical Testing In- 
struments, 4-sheet 814” 11” Bulletin No. 
112C describes and gives specifications of 
the following: (1) Model 710 Volt-Ohm- 

Model 560 Industria 
four-neon-bulb 
Model 610-B 


insulation 


ammeter (2) 
Analyzer (3) Model 590 
type Tester; (4) 
ect-reading 
ste ior Instruments Co., 227 Ful- 
ton St., New York 7, N. Y. 
M-67 Aireraft Controls. 12-page 814” 
bg let No. 30-D illustrates and de- 


scribes aircraft elays and control de- 
Vice Includes enlarged it-away sectior 
iensed ting table and ndex, and 
mensional drawings. Hart Manufactu! 


‘o., Hartford, Conr 

M-68 Transformers, Reactors, 
and Electronic Components. 12-page 814 
detailed descrip 
neluding p! application of 
products manufactured by the compan) 
Audio Development Co., 2833 Thirteenth 
Ave., South, Minneapolis 7, Minn. 

M-69 Testing Machines for Plastics. 16- 
page 81%” X 11” Bulletin No. 23 lists vari- 
ous testing machines available and thei! 
testing plastics for ten- 
flexure, flow 
Describes operating prin- 
magnification recorder, and capac- 
ize. Tinius Olsen Testing Machine 
Twelfth St., Philadelphia, Pa 


Filters, 
11” pamphlet gives 


tions ces and 








applications in 

sion, compression, stiffness, 

and distortion 
ciple, 

Co., 500 N. 
M-70 “Radio’s Master.” 1057-page 7 
10%” ecloth-bound Consolidated Cs 

log, Edition 10, 

large number of manufacturers and dea 


products of a 


covers 


ers, is described as the official parts and 
ipment manual of the radio and elec- 





reference and 





tr industry. Practical 
bt direct ry w th illustrations, de- 
s ons, specifications and prices. Lack 
consecutive r‘ zing but is divided into 
ttered sections, each paged Most use- 
i] s th General Index at the back 
Sun Radio and Electronics Co., 212 Ful- 
t Ss New York 7, N. Y. 
M-7 Vibration Measuring Instrument. 
8-page 8” X 10%” Publication GEA 4140 


dial-type indicator and light- 
indicator for 
and vibration-velocity mete 
A table of range and accuracy of each 
instrument, circuit diagram of 


lescribes 
n type measuring dis- 
cement ter. 
vibration- 
of operation and 


locity meter, principl« 
guide for proper selection of equipment 
nelu d. General Electric Co., Sche- 


Fatigue Machine. 6- 


M-72 Universal 
n 206 pictures and 


page 8%” > 11” Bulleti 


describes testing machine which can be 





used for direct stress or torsional fatigue 
testine Accommodates specimens for 
bending moments up to 200 inch-lb. Leaf- 
let includes detail of Operating machan- 
ism specifications, cut-away sections and 


range of accuracy. The Baldwin Locomo- 
tive Works, Baldwin Southwark Division, 
Philadelphia, Pa. 

M-73 Electronic Fluxmeter. 2 - page 
81%,” < 11” leaflet describes a flux density 
e an electronic circuit 
connected to an indic@&tor to measure 
field strength. Size and shape of search 
coils designed for any special condition 
including measurements of magnets 


meter which uses 


ch have no gaps. Description of oper 
and construc 
on are included. The Hickok Electric 
Instrument Co., 10514 Dupont Ave., Cleve 
land, Ohio 


M-74 


ating principle, accuracy 


Time Cycle Controller, 12-pagy 
11” catalog 98154 describes “Fle 
O-Timer” adjustable time cycle controll 
which times and duration 

operation involving temperature, humi 
combinations of ea¢ 


sequence 
ity pressure or 
with di 
which fits in 


agrams 


tuUxXiliary tin 


and is used 


Same case 


typical platen press installations 
plast I Iding. Also included are phot 
raph of t 1er ind some of its apy 


Instrument Companie 
Rocheste ae 

M-75 Fleatless Liquid Level and In 
dustrial Controls. 28-page 8%” x i1 
italog No. 145 describes method of con 
ling liquid level without floats o 
tubes, and explains principle and 
operation of B/W relay. 
ation diagrams, motor starters, 


relays, ice-free 





Contains appli 
ns selector 
switches, special elec 
trode unit, photographs of special panel 
ind other items. B/W Controller Corp 
2200 East Maple Road, Birmingham, Mic! 
Resistors and Radiant Heaters 
i-page 8%” X 11” bulletin describes unit 
ind bank type with glazed 
steatite core which are shock and salt 
spray tested. Heater range up to 1700°F 
Also included are additional features of 
lesign and electrical data. Techtmanr 
Inc., 828 N. Broadway, Mil 
, Wis. 


resistors 


Industries, 
waukee 2 
M-77 Null 
Bridge. 2-page 
scribes :(1) a cathode-ray 
tector for . bridge 
detector has impedance of 1 
with 


rance 


Tolerance 
bulletin dé 
tube null de- 
measurements vis 
meg 
input of 


bridge ac 


Detector and 
gu" ye 11" 





ually; 
ohm and a gain of 80 db 
100 microvolts. (2) Tol 
curate to 0.1%, 2 
and impedance, capacitance and induc 
inspection tool 
Div. of 
Flushing 


checks a-c. resistance 
tance, can be used as 
Sherron Electronics Company, 
Sherron Metallic Corp., 1201 
l N. Y. 
M-78 Instrument Vibrator, 4-page 8% 
11” bulletin 44-E describes a machine 
which produces circular vibratory motion 
on a plane 45 degrees to the horizontal 
] »-h.p. motor to give 
3000 r.p.m. Bulletir 
includes specifi table, principle 
operation, method of suspension and ad 
center of gravity. 


‘ 
Machine Co., 573 Eleventh Ave 


. i Be 4 
\ve., Brooklyn 6, 


Oscillator driven by ! 


from 500 to 


ation 


Krousé¢ 


justment of 


Testing 
Columbus 3, O 

*anel Instruments. 4-page 8” » 
Bulletin GEA-4064 describes 216’ 
ternal-pivot panel instruments having 
of one inch. Includes tables o 
dimensions of d-c. voltme 
milliammeters, mi 
croammeters, and correc 
tion-data chart for thermocouple amme 
ters used on high frequency. Illustrated 
with photographs and cut-away of views 
of instrument. General Electric Com- 
pany, Schenectady, N. Y. 

M-80 Chrono - Tachometers, 16 - page 
8%” x 10%” Bulletin No. 128 describes 


M-79 


a depth f 
and 

ammeters, 
specifications 


ratings 


ters, d-c 








ns 
stru 
M-8 
mer, 4 
ilow 
de v 
om 
reuit 


itout 
ith 
mat 
raph 
nd de 
yn 0} 
Vew 
M-8 
page 8 
Elem 
omete 
ub-ze 
nent } 
teel c 


herme 
includ 
tion o 
Elema 
worth 
M-8: 
sheet 
twenty 
city 
and 
sting 
ivailal 
glewotr 
M-86 
PIM y 
rgzan 
lectri 
nills, | 
cteris 
Bodine 
Shicag 
M-87 
‘ontain 
ised fi 
arts 
copic 
Also it 
nd a) 
un Ph 
New Y« 
M-88 
Testing 
scribes 
esting 
strume! 
watts 


rolts, 2 
ycles. 
nd pal 


lustry. 
M-89 
ter. The 








struments for measurement of average 
eed of rotation. Consists of tachometer 
jlicating approximate speed, revolution 
inter and timer, together with means 
driving from an engine or prime 
ver. Several models listed with speci- 

itions, overspeed protection and di- 

nsion sheets. The Standard Electric 

me Co., Springfield 2, Mass. 

M-81 Temperature Control Devices. 

aage 814” x 11” circular describes 

nperature controls using principle of 
pansion of solids operating snap-action 
itches. Photographs of several models 
th a temperature range of minus 100°F. 
1400°F. (Special alloy available for 

vrher temperatures.) Can be used as a 

fety cut-off or controlling temperature. 

so included are diagrams of installa- 
ns and mounting equipment. Burling 
strument Company, 253 Springfield 

ve., Newark 3, N. J. 

M-82 Voltage Regulating Transfor- 
mer. 4-page 81%” x 11” circular describes 

llow ‘“Vari-Former” designed to pro- 
de variable voltage from constant volt- 
re source in increments of 0.75 volt 
om zero to maximum range without 
recuit interruption. Can be used as line 

mpensator, motor speed control, tem- 
erature control, lighting control or con- 
ant current control. Available for sin- 
le-phase or three-phase circuits. The 
rulow Corp., 26 Waverly Place, New 
York $, N: ¥. 

M-83 Reverse Current Cutout, 4-page 

6” X 11% Accessory Design Check 
hart describes “Eclipse” reverse current 
itout designed for aircraft generators, 
ith silver alloy contacts and shielded 
rmature leads. Also includes’ photo- 
raph of cutout, diagram of connections 
ind design chart. Eclipse-Pioneer, Divi- 
on of Bendix Aviation Corp., Teterboro, 
New Jersey. 

M-84 High Resistance Pyrometer. 4- 
page 8144” xX 11” Bulletin No. 40 describes 
Elematic” self-contained portable py- 
rometer for checking radio crystals, in 
sub-zero temperatures (-—85°C.). Instru- 
ment has cobalt magnet movement, nickel 
teel compensator, aluminum pointer and 
hermetically sealed thermocouple. Also 
included is a photograph and reproduc- 
tion of six scale ranges in actual size. 
Elematic Equipment Corp., 6046 Went- 
worth Ave., Chicago 21, Ill. 

M-85 Microphone Price List. Single- 
sheet 81%” x 11” Bulletin No. 1460 lists 
twenty-seven carbon, dynamic and ve- 
locity types in palm, stand throat, lip, 
iand and cartridge styles. Pre-catalog 
sting includes application and date 
ivailable. Universal Microphone Co., In- 
glewood, Calif. 

M-86 “The Motorgram.” The 4-page 
8144” x 11” January issue of this house 
rgan features three articles: (1) Aero- 
Hlectric Power—something new in wind- 
nills, (2) Stator Winding and (3) Char- 
cteristics of constant speed d.c. motors. 
Bodine Electric Co., 2250 W. Ohio St., 
Yhiecago 12, Tl. 

M-87 Industrial X-ray Unit. 4-page 
8144” X 11” Bulletin S-150 describes self- 
‘ontained “Searchray” unit which can be 
ised for internal inspection of castings, 
arts and assemblies. Built-in fluoro- 
scopic screen used in taking radiographs. 
Also included is a table of penetration 
nd a photograph of unit. North Ameri- 
in Philips Co., Inc., 100 East 42nd St., 
New York 17, N. Y. 

M-88 Portable Motor- generator for 
Testing. 4-page 8%” xX 11” leaflet de- 
scribes a radio shielded generator for 
esting 400-cycle a-c. and 27-volt d-c. in- 
struments. Input 115 volts, 60 cycles, 900 
watts (max); output 55 watts at 27% 
volts, 230 volt-amperes at 115 volts, 400 
ycles. Approved by U. S. Signal Corps 
ind particularly adapted for aircraft in- 
lustry. Wyse Laboratories, Dayton 2, O. 


M-89 The General Radio Experimen- 
ter. The 8-page 6” X 94” November issue 

















Reflex Torque Control by 
sight, sound and feel—auto- 
matically fast, involuntarily 
accurate, 


Set to desired torque in a 
few seconds—no further ad- 
justments. 


No wearing or moving parts 
in measuring element—no 
gears, levers, glass dials or 
fragile mechanisms. 


Permanently Accurate Torque 


Wrenches—with automatical- 
ly accurate operation. 


5SIUR 


Write for Bulletin No. S.W. 13 
31 Copacities—ranges from 0-8 inch ounces to O-7200 inch pounds. 





PA. (s turtevanT co. 


TO PREVENT WASTE AND AID THE WAR EFFORT 

(1) Request ONLY the literature that will aid you in your war work. 

(2) Paste the coupon on a government postal card addressed to Instruments, 
taking care to make all four edges stick. 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (March 1945) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 


po a SR Sie Ae le (One St AE AN Oe ee 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department 


I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) e 
CU 665 Beata rd a Sis Steed WSs are ak oa:'a ce 6 Rae ws eae Seal edema a es do Shack a ere waters are me 
NS oh iah Ohio ta Berdiee iss pital Reales: xs ces WANED 5 06 catch 19-0 Bator 
ere than tke s+ CREE aD wes das xeadddehis 
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VIBROGROUND 


(Ground Tester) 


Good, permanent man-made ground 
connections are necessary to protect 
men and electrical equipment. Elimi- 
nate the danger of lightning damage 
or static discharges by frequent test- 
ing of ground connections with 
VIBROGROUND. Do it accurately 
and quickly with VIBROGROUND. 


Model 251 VIBROGROUND (illus- 
trated) has triple range, 0-12.5, 0-125, 
0-1250 ohms. Is complete with batter- 
ies, ready to operate. Recommended 
for use where average ground condi- 
tions prevail. (Model 255 has four 
ranges, for extremes of dryness or 
moisture.) 


Engineered to Assure 
Greatest Accuracy 


Open scales for direct reading. No 
calculations necessary. No reverse 
readings nor polarization errors. Ex- 
cludes “strays” from high potential 
networks, DC ground currents, AC 
commercial frequencies. Here are 
controlled sensitivity, dependability 
and accuracy at all times. 


PROMPT DELIVERIES 
Write for Bulletin 


Engineering service in all principal cities 


SSOCIATED ~@ 


ReseARCH. 


ott cortnaotatle 





233 S. Green Si., Chicago 7, Hl. 
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of this house organ features: (1) A 500- 
Me. Oscillator with specifications and cir- 


cuit diagram, (2) Variacs for 400-cycle 
operation with dimension sketch and 
cutaway, (3) Distribution amplifier for 


standard frequencies, with circuit dia- 
gram. General Radio Company, 275 Mass. 
Ave., Cambridge 39, Mass. 

M-90 The General Radio Experimen- 
ter. This 8-page 6” X 9%” December is- 
sue of this house organ features: (1) A 
d-c. vacuum-tube voltmeter, (2) Mutual 
inductance measurement with Type 650-A 
impedance bridge. General Radio Com- 
pany, 275 Mass. Ave., Cambridge 39, Mass. 

M-91 Fatigue Testing Machine. 4- 
page 8%” xX 11” Bulletin No. 205 de- 
scribes rotating beam fatigue machine 
having a capacity of 0-10,000 inch pounds 
by units of 5 inch-pounds (bending 
moment). Suitable for specimens of 1” 
diameter at 100,000 lbs./in.2 and adjust- 
able length from 8%” to 9%”. Pictured 
and illustrated diagrammatically show- 
ing main functional elements of construc- 
tion. The Baldwin Locomotive Works, 
Baldwin Southwark Division, Philadel- 
phia, Penna. 

M-92 Radio and Electronic Book 
Guide. 28-page 3%” X 6” booklet pro- 
vides a list of radio and electronic books 
classified according to subject matter and 
also under publisher’s name, giving a 
brief summary of contents. Texts can 
be used by beginner, student, technician 
or practicing engineer. Allied Radio Corp., 
833 W. Jackson Blvd., Chicago 7, Ill. 

M-93 Electronic Relay. 8-page 8” xX 
10%” Bulletin GEA-4214 describes G-E 
electronic relay consisting of electron 
tube, transformer and electromagnetic re- 
lay which can operate an auxiliary relay, 


solenoid valve or an indicating light. 








Provides floatless control of levels 
many liquids, method of detecting wat 
in gasoline tanks and means of mai 
taining constant temperature baths. I 
lustrated with photographs and diagran 
matic sketches of various uses. Gener 
Slectric Co., Schenectady, ‘N. Y. 

M-94 “The Aerovox.” The 4-page 81 

11” June issue of this house orga 
features an article entitled “A Dictior 
ary of Capacitor Applications and Re 
ommended Types.” It lists in dictionar 
form the types of capacitors recon 
mended specifically for blocking, by; 
passing, coupling, filtration, frequen: 
determination, timing and voltage mu 
tiplication by reservoir action. The 4 
page 8%” X 11” July issue of this pub 
lication features a technical article or 
“Capacitor Quality Factors” which is 
detailed analysis. Aerovox Corporation 
New Bedford, Mass. 


M-95 Portable Electrical Testing In- 
struments, 4-page 8%” xX 11” Instru 
ments Bulletin No. 111 describes Indus- 
trial Analyzer which uses same scale for 
both a-c. and d-c. voltage measurements 
also measures current up to 30 ampere 
and resistance up to 2500 ohms. Instru 
ment has five voltage ranges and tw: 
resistance ranges. Also described is 
‘“‘Meg-O-Meter” which measures up to 
200 megohms, and a volt-ohm-milliam- 
meter. Superior Instruments Co., 227 Ful- 
ton St., New York 7, N. Y. 


M-96 Rotary Electrical Equipment. 4- 
page 8%” xX 11” circular pictures and 
describes: (1) A series of dynamotor 
from 10-watt to 500-watt ratings, (2) 
D.c. Motors up to 5 h.p., (3) Rotary con- 
verters up to 2 Kva. Eicor, Inc., 1501 W 
Congress St., Chicago 7, Ill. 
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4 POSITIVE METHOD FOR ACCURATE RE- 
CORDING AND CONTROL OF VACUUM 
DOWN TO .001 MICRON (10%mm HG.) 


Dutstanding features include constant calibration, inter- 

hangeable vacuum gauges without recalibration, protection control of any manufacturing process involving vacuums. 
igainst filament contamination, elimination of electrical Already, some of the country’s leading manufacturers are 
eakage and continuous self outgassing. “Precision” Televac employing as many as ten Televac setups throughout their 
s an absolute necessity for plant control or laboratory plants. Shown below is a partial list of these users. 





LIST OF USERS 


ee 





COMMERCIAL SOLVENTS CORP. 
Terre Haute, Ind. 
ALLEN B. DUMONT LAB. INC. 


ae en NaRCNRR mest, 
Passaic, N. J. 
GENERAL ELECTRIC CO. 
} ) Salem, Mass. 
° GENERAL ELECTRIC X-RAY CORP. 
Chicago, Ill. 
‘ , HYTRON CORP. 


Salem, Mass. 
LIBERTY MIRROR DIVISION, 
LIBBEY-OWENS FORD GLASS CO. MODEL 5S 
MODEL MR Brackenridge, Pa. TELEVAC 


Model MR Televac provides continuous records ELI LILLY & CO. 
of vacuum processes within the range of 0 to - : 

500 microns. Accurate readings are obtainable aaa adres 
down to 1 micron. For vacuums better than a : 
micron Model ‘'S’’ Televac is recommended. MACHLETT LABORATORIES, INC. : 
This unit is operated by the 500 thermal gauge ‘clk. oe on glass and plastics and all other processes 
(see below) and is simple to install. Operates Jib icpsliac a Rath sequning c Vacuum better than 1 micron. To 
on 115 volts A.C. Due to the stability of this NATIONAL UNION RADIO CORP. our knowledge no other instrument is available 
thermal gauge the Model ‘MR’ Televac is ii ee a which will accurately indicate and record 
adaptable to many vacuum processes, such as nee: vacuums down to .001 micron, 10-"mm Hg.) 
vacuum dehydration (penicillin and blood plas- PODBIELNIAK, INC. and maintain a constant calibration. Is oper- 
ma) vacuum tube manufacture, automatic ex- Chicago, Ill. ated by “500 ee some and Fs Sao 
haust machines, thermal reduction of metals in : lonization Gauge, (see below) thus providing 
high vacuum, laboratory processes, etc. E. R. SQUIBB & SONS i two Ranges. 

New Brunswick, N. J. 
UNITED ELECTRONICS, INC. 


Newark, N. J. 


FOR ULTRA VACUUM. This instrument was de 
veloped to meet the needs of ultra vacuum 
(Penicillin and Blood Plasma 3 processes such as vacuum tube manufacture, 
deposition of metals and low reflection coatings 


MODEL “500” THERMAL GAUGE ' Standardized Fixed 


The ‘'500’° Thermal Gauge maintains a constant 
calibration in spite of the presence of oil, water, or 
other contaminating vapors usually found in vacuum VACUUM LEAK 
systems. All gauges are interchangeable without re- Thi 
calibration and the user is assured of duplicate wi 
readings in terms of absolute pressure in microns. 
Filament current is supplied through a voltage regu 
lator and transformer, thus eliminating varying 
battery current. 


new type vacuum leak eliminates many 
of the troubles found in similar instruments 
now on the market. Clogging, breakage, time 
lag, all combine to make it extremely difficult 
to control the flow of minute quantities of gas. 
This new type vacuum leak eliminates these 
difficulties through its inherent design. Con- 
structed of Pyrex glass. Truly a perfect vacuum 
leak. Three models available: Fixed Flow Rate 
standardized), calibrated variable flow rate, 


IONIZATION GAUGE : uncalibrated variable flow rate. 


‘ 


This ‘‘Precision-Fredericks’’ high vacuum gauge, 

known as type E-31, is the result of years of t 

research in order to eliminate the ‘‘bugs’’ gen- ; 

erally associated with this type of gauge. Elec- | ““PRECISION” 
trical leakage is completely eliminated and when 5 

used with a moderate high speed pumping sys- ( 
tem, this lonization Gauge actually outgasses 

itself. Filament is protected before and during 

operation automatically, as current cannot be 

turned on before pressure of | micron has been 

established and turns off automatically if pres- 

sure rises above 1] micron. Gauges are inter- ‘MODEL MR 
changeable without recalibration and guvaran- ‘ used in conjunction 
teed for 1000 hours. Standard E-31 lonization 1 with Slood Plasma 
Gauge comes on scale at 0.4 micron (4 x 10-! ; Unit. 

mm Hg) and accurate records are obtainable 

down to .001 micron (10-" mm Hg). 


See Your Laboratory Supply Dealer 


MANUFACTURED BY GEORGE FREDERICS CO. EXCLUSIVELY FOR 


PRECIS|O\N Siertaecarse eaeaae 


CCccccns sod Uhashlans of Bdeenpi Apparatus and Production Control Laboratory Equipment for Almost c Quarter Contiuny 





OW —an instrument for measuring and 
recording vibration _ 











in a 4°x 5°x 7" package 


Westinghouse announces the Vibrograph—a handy, 
portable instrument that instantly produces a perma- 
nent graphic record of the frequencies and amplitudes 
of all mechanical vibrations. Its operation is entirely 
mechanical... with no external connections to make, 
no data to record, no films to develop. 

The new Westinghouse Vibrograph measures vibra- 
tions in the. frequency range of 600 to 15,000 cycles 
per minute, with amplitudes as small as .0001”’ or as 
great as 1/16’’. These vibrations are permanently 
recorded by the instrument on a transparent celluloid 
strip. The strips can then be immediately examined 
under a low-power microscope—which is included 
with each Vibrograph. 

A new illustrated bulletin, B-3046, gives complete 
information about the new Westinghouse Vibrograph. 
Write for your copy today. Westinghouse Electric & 


Manufacturing Company, Box 868, Pittsburgh 30, Pa. 
J-08094 


ONLY THE WESTINGHOUSE VIBROGRAPH 
GIVES YOU ALL THESE ADVANTAGES... 


» Wide Operating Range 
Makes Permanent. Record 
No External Connections 

» Fast Automatic Operation 


e No Wearing Parts 


Seismic or Prod Function 
May be Used in Any Position 
» Compact Construction 
» Completely Portable 


¢ No Films to Develop 





